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MINUTES MEETINGS. 
THE SOCIETY. 


January 2d,1901.—The meeting was called order 8.40 
Vice-President Rudolph Hering the chair; Charles Warren Hunt, 
Secretary; and present, also, members and guests. 

The minutes the meetings December 5th and 19th, 1900, were 
approved, printed Proceedings for December, 1900. 

Viaduct the Erie Railroad Company,” was presented the Secre- 
tary, who also read discussion George Morison, Am. Soc. 


The paper was also discussed Messrs. Buck, 
Chicotte, Moisseiff and Buchholz. 
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MINUTES MEETINGS. [Society 


Ballots were canvassed, and the following candidates declared 


MEMBERS. 


CHRISTIAN ANDERSEN, Portland, Ore. 

Rosert Philadelphia, Pa. 
Trichinopoly, Madras, India. 
Lennox Rock Island, 

Frank Trask, Ontario, Cal. 

New York City. 


MEMBERS. 
ALFRED Minneapolis, Minn. 
Pittsburg, Pa. 
Henry Brace, Albany, 
Youngstown, Ohio. 
Burt Los Angeles, Cal. 
Fox, Guayaquil, Equador. 
JAMES Parkersburg, Va. 
New York City. 
Morey, Kansas City, Mo. 
Morrison, Harrisburg, Pa. 
FREEMAN Pittsburg, Pa. 
Henry Kent Kansas City, Mo. 
New York City. 
ALBERT VOGLESON, Sault Ste. Marie, Mich. 
Jay Cleveland, Ohio. 


The Secretary announced the election, the Board Direction, 
December 28th, 1900, the following candidates: 


Henry Jr., New York City, 


ALEXANDER Jr., Jersey City, 
Mora, Guadalajara, Mexico. 


The Secretary gave outline the programme for the Forty- 
eighth Annual Meeting. 
Adjourned. 
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THE BOARD DIRECTION. 


December 28th, 1900.—8.15 m.—Vice-President Hering the 
chair; Charles Warren Hunt, Secretary, and present, also, Messrs. 
Bensel, Deyo, Knap, Manley, O’Rourke, Ricketts and Seaman. 

report was received from the Committee appointed recom- 
mend the award prizes for the year ending July, 1900, and the 
prizes were awarded the Board, accordance with the recom- 
mendations the Committee, follows: 

The Norman Medal James Seddon, Am. E., for his 
paper, entitled River 

The Thomas Fitch Rowland Prize Allen Hazen, Am. Soe. 
E., for his paper The Albany Water Filtration Plant.” 

The Collingwood Prize for Juniors Robert Woods, Assoc. 
Am. Soc. E., for his paper ‘‘Street Grades and Cross-Sections 
Asphalt and Cement.” 

The appointment the following Committee Arrangements for 
the Annual Meeting was announced: Messrs. Joseph Osgood, 
Buck, Albert Carr and Charles Warren Hunt. 

The following resignations were received and accepted: 

Applications were considered and other routine business trans- 

acted. 


One candidate for Associate and four for Junior were elected. 


ty 
| 
q 
q 
i 
F 
| 
ae 
{ 
ae 


ANNOUNCEMENTS. [Society 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction, the 


MEETINGS. 


Wednesday, February 6th, 1901.—8.30 regular business 
meeting will beheld. Ballots for membership will canvassed, and 
paper, entitled Adjustment Transit Survey Compared 
with that Compass Survey,” Charles Crandall, Am. Soc. 
E., will presented for discussion. 

This paper was printed the December, 1900, number Proceed- 
ings. 

Wednesday, February 20th, 1901.—8.30 regular meeting 
will held, which paper, entitled The Construction Gravity 
Sand Filters Nyack, Y.,” Houston, Assoc. Am. Soc. 
E., will presented. 

This paper was printed the December, 1900, number Proceed- 
ings. 


Wednesday, March 6th, 1901.—8.30 regular meeting will 
held. Ballots for membership will canvassed, and paper, 
entitled the Sewers the North Metropolitan Sewerage 
System Massachusetts,” Theodore Horton, Assoc. Am. Soc. 
E., will presented. 

This paper printed this number 


ANNUAL CONVENTION 


The Thirty-third Annual Convention the Society will held 
Niagara Falls, Y., Tuesday, Wednesday, Thursday and Friday, 
June 25th, 26th, 27th and 28th, 1901. 
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ANNUAL REPORTS. 


ANNUAL REPORT THE BOARD DIRECTION FOR THE 
YEAR ENDING DECEMBER 1900. 


PRESENTED THE ANNUAL MEETING, 1901. 


The Board Direction, compliance with the Constitution the 
Society, presents its report for the year ending December 31st, 1900. 


MEMBERSHIP. 


The changes membership are shown the following table: 


_ 257\1 118)1 870|| 280)1 140)1 3) 5 | 21 ||*21 | 58 || 29 | 79 
Associate Members...... 117| 807} 424|| 142) 874) 516)|20) 2} 2 1 | 82 || 25 |117 
Associates.......... St 62 93]; 3 +2 7 1 9 
107; 262 99} 152) 251|/38) 3) 19 1 |}....] 50 || 61 | 50 


*20 Associate Members and Junior. 
Juniors. 


tables heretofore published were also given; these are omitted 
the present table. 


will seen the table that the net increase during the year 
was 138, which the largest annual increase the history the 
Society. 

The total number applications received during the year was 
308. 

Action taken the Board has been follows: 

Passed ballot Associate Members............ 126 


Applications now awaiting action..... 
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ANNUAL REPORTS. [Society 


The increase the number candidates defeated ballot leads 
the Board the belief that there not full understanding 
the care with which all applications are considered, and the weight 
which always given confidential communications regard any 
candidate. believed that whenever the use negative vote 
justifiable, the candidate would not passed ballot all available 
information were placed the hands the Board, and the fact that 
some those who are defeated the first ballot are again passed 
Reconsideration Ballot, and thereon elected, means either that the 
case against the applicant not good one, that the Board has not 
been supplied with information which refusal pass his name 
ballot could based. ‘It not intended criticize any way the 
exercise the right suffrage, but express the belief that Members, 
generally, not understand that the most certain and effectual man- 
ner which prevent the election undesirable candidate 
place the hands the Board the reasons which would impel them 
cast negative vote. the monthly Blue Lists were carefully scanned, 
and each person connected with the Society would feel his duty 
give the Board the benefit his knowledge any applicant, con- 
fidently believed that better results would obtain, and that the special 
Reconsideration Ballot would much less frequent and possibly 
disappear. 

The losses death during the year number 25. They 
are follows: 

Twenty-one Members: James Colwell Aldrich, William Ben- 
yaurd, Edward Arnold Correa, William Giddings Curtis, Frank Paul 
Davis, Bolton Waller DeCourcy, Edward Bates Dorsey, Norman Wilder 
Eayrs, George Dana Emerson, Ernest Grey Freeman, Bertly Douglas 
Hasell, John MacLeod, James David Moffet, George Norman, Henry 
Wadsworth Reed, Mare John Reiseger, Fairman Rogers, Hamilton 
Smith, William Starling, Arthur Towne Thomas, Edward 
Williams. 

One Associate Member: Dominik Lindenthal. 

One Associate: Joseph Ruggles Richards. 

One Junior: William White Seitzinger. 

One Fellow: Collis Huntington. 


The following sums have been expended during the year: 
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ANNUAL REFORTS. 


The additions the Library from all sources during the year have 
been follows: 


Maps, Photographs, Charts, 127 

021 


The total attendance registered the Reading Room during the 
year was 784. 

Since the last report the Board the arduous work reclassify- 
ing and indexing the Library, which has been progress for more 
than two years, has been completed, and Catalogue, volume 
703 pages, covering 824 titles, which represent volumes, 
pamphlets, maps, photographs, specifications, etc., has been 
and distributed all persons connected with the Society. 

The Board desires emphasize the suggestion made the circular 
issued with the Catalogue, that effort the part each member 
would soon result filling many the incomplete sets reports, 
now our shelves. The completion the Index places the Library 
far better position than ever before, and will now possible 
judicious purchase secure many volumes which should available 
for reference. 

The Library Committee has made estimate the value the 
Library, which appears the statement the assets the Society. 


PUBLICATIONS. 


During the year the usual ten numbers Proceedings and two 
volumes have been published, but comparison the 
table given page with similar table the last Annual Report 
the Board shows increase the number pages and illustrations 
published. 

The publications the Society evidence steady improvement 
the character the papers, thus increasing their value, both the 
members and the profession large. The arduous editorial work 
the Transactions, and the care with which the Library Catalogue 
has been prepared, reflect great credit upon the and 
assistants. 

Your Board has recently authorized the prepare gen- 
eral index the forty-four volumes Transactions, which hoped 
will ready within the next few months. 
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ANNUAL REPORTS. [Society 


Total edition 
Number each Number 
issued. Number. Pages. Plates. Cuts. 
Constitution and List 
Catalogue Library... 000 702 


The cost publications has been: 


For Paper, Printing, Binding, Transactions and Pro- 


For Boxes, Mailing Lists, Copyright and sundry expenses 
For 400 copies Papers and 


For time officers and clerks charged Publications. 


Deduct amount received for advertisements.... 221.25 
Deduct amount received for sale publica- 


Net cost publications for 1899 (see Report Board 
MEETINGS. 


During the year meetings have been held, follows: the 
Annual Meeting, the Annual Convention, regular semi-monthly 
meetings, 18. 

these meetings formal papers, which were illustrated 
with lantern slides, topics for informal discussion, and illustrated 
lecture, were presented. 

The Thirty-second Annual Convention, held the House the 


Includes Indexes and Tables Contents. 
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Civil Engineers, London, was most successful. 
‘There were present that meeting members the Society accom- 
panied members their families. The views your Board 
relation this meeting were expressed recent communication 
the Institution the following words: 

cordial invitation visit London, more less organ- 
ized body, during 1900, was accepted the belief that material and 
lasting benefit would derived from the holding meeting Engi- 
neers which would International character. 

meeting this Society, held the home the Parent 
Engineering Association the World, brought together, for the 
exchange professional views, large number engineers, com- 
prising representatives from nine widely separated nations, and 
believed that the interest manifested, and the resulting technical 


discussions, fully justified the inauguration such International 
Meetings.” 


MEDALS AND PRIZES. 


The Norman Medal, for the year ending with the month July, 
1899, was awarded Herbert Stone, Am. Soc. E., for his 
paper Determination Safe Working Stress for Railway 
Bridges Wrought Iron and Steel.” 

The Thomas Fitch Rowland Prize, for the year ending with the 
month July, 1899, was awarded Buck, Am. Soc. E., 
for his paper, entitled The Niagara Railway Arch.” 

The Collingwood Prize for Juniors, for the year ending with the 
month July, 1899, was awarded Julius Kahn, Jun. Am. Soc. 
(now Assoc. Am. Soc. E.), for his paper, entitled ‘‘The Coal 
Hoists the Calumet and Hecla Mining Company.” 


The financial affairs the Society may seen, from the reports 
the Secretary and Treasurer, excellent condition. will 
noticed that during the year, notwithstanding the additional expenses 
incident the constantly increasing regular work, and the prepara- 
tion and issue the new Catalogue the Library,” payment 
$10 000 the principal the mortgage indebtedness has been made. 

the last report your Board recommendation was made 
sum approximately equal the amount the Entrance Fees received 
each year applied the extinguishment the debt. 

The Entrance Fees received during the past year amounted 
905, and the intention make payment 1901 000, 
thus reducing the debt $70 000. 

order the Board Direction. 

CHAS. WARREN HUNT, 
Secretary. 


New January 8th, 1901. 
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ANNUAL REPORTS. [Society 
REPORT THE SECRETARY FOR THE 


GENTLEMEN,—I have the honor present statement Re- 
December 31st, 1900, which appended table showing the com- 


during the year, and its distribution the several accounts. There 
affairs the Society. 


York, January 9th, 1901. 


Balance hand December 31st, 1899, Bank 
and Trust Company and the hands the 


Certificates 
Convention and Annual Meeting................ 


540.28 


$65 268 
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Affairs.] ANNUAL REPORTS. 
YEAR ENDING DECEMBER 1900. 


ceipts and Disbursements for the fiscal year the Society. ending 
pensation paid persons who have been the service the Society 


also presented general balance sheet showing 


Respectfully submitted, 


the condition the 


CHAS.. WARREN HUNT, 


Secretary. 
DisBURSEMENTS. 

General Printing and Stationery................ 404.12 
Commission Advertisements................. 322.48 
House 
Certificates Membership..................... 182.80 
Convention and Annual Meeting................ 017.89 
Insurance—Safe 6.00 
New Society House (Loan) 000.00 

$55 

Balance hand December 31st, 1900 .......... 

Garfield National Bank...................... 347.58 
985 .00 

$65 
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GENERAL BALANCE SHEET, DECEMBER 1900. 


ACCOMPANYING REPORT THE SECRETARY. 
ASSETS. 
Building and Lot (cost)............. $191 730.26 Dues for 1901, $9528.03 
Publications hand (108 810 copies), inven- *Funds invested Society House and Lot, 
Library: 
expended for Books, etc. 926.06 
from Members............. 864.10 
$272 883.01 $272 883.01 
These funds have been derived from the following sources The Norman Medal, Rowland Prize and Collingwood Prize Funds, 
Norman Medal longer exist such; the obligations under them having been 
Profit sale 23d St. House and 
$188 354.98 
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THE SERVICE THE THE YEAR, AND Its 


TRIBUTION THE SEVERAL AccouNTS ACCOMPANYING REPORT 
THE SECRETARY: 


ca- Curren ani- 
NAME. tions. Ac- Library-| ‘tor, Total. 
counts. 
Chas. Warren Hunt, Secre- 
MeMinn, Asst. Secre- 
Angell, Office Assist- 
ant Jan. ist April 30th, 
Roosa. Office Assist- 
ant, March ist Dec 


Parker, Asst. Libra- 

*W. Waldele, 

ist Oct. 13th, 1900... 
Louis Gloor, Office 207.16 
Stugelemann, Office Boy, 


Oct. 29th Dec. 
1900. 


Percy Harrold, Hall Boy... 
Frank Harrold, Janitor.. 
*J. Simmons, Cleaner, Jan. 
Harrold, Cleaner, Aug. 


*B. Wallace, Cleaner, Sept. 
20th Dec. 15th, 1900.. 
George Poole, Cleaner, Dee. 
15th Dec. 1900.. 

Steinbrenner, Temporary 

*M. Kingsbury, Temporary 
Asst. Library, Jan. 1st 
Apr. 
Pier, Tem Asst. 
Library, May 8th July 
Sist, 
Fredericks, 
aussner, Temporary 
Office Asst., Jan. 
Smailie, Temporary 
Typewriter, Feb., 


Not present employ Society. 
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ANNUAL REPORTS. 


[Society 


REPORT THE TREASURER. 


compliance with the provision the Constitution, the Treas- 
presents the following report for the year ending December 31st, 


1900: 


Receipts from current sources, January Ist De- 


Received from sale Historical Sketch 


Payment audited vouchers for cur- 
rent business, January 1st De- 

Payment principal Bond and 


Balance hand December 31st, 1900: 
Union Trust Com- 


Garfield National 

hands the Treas- 


Respectfully submitted, 


$13 
$45 338 
000.00 


$65 268.64 $65 268.64 


KNAP, 


Treasurer, Am. Soc. 


New January 8th, 1901. 
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CURRENT TECHNICAL LITERATURE. 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(December 13th, 1900, January 9th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering libraru, can procured addressing 
the publication directly, the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

Transactions, Can. Soc. E., Mon- 


treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 


(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 
or: 


(9) Engineering Magazine, New 
City, 30c. 
{10) Magazine, New York City, 
Engineering (London), Wiley, 
New York City, 35c. 
The (London), International 


News Co., New York City, 35c. 
(13) Engineering News, New York City, 


(14) The Engineering Record, New York 
City, 12c. 
(15) Gazette, New York City, 


(16) Enaineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

Scientific American Supplement, New 
York 

Age, New York City, 

(a1) Engineer, London, Eng- 
and. 

(22) Iron and Coal Trades Review, Lon- 
England. 

(23) Bulletin, American Iron and Steel 
Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York 

(25) Engineer, New York City, 


(26) Electrical London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City. 10c. 

(28) Journal, New Water-Works 


Assoc., Boston, 75c. 
(29) Journal, Society Arts, London, 
Engiand. 


(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
(31) Annales del’ Assoc. des Ing. Sortis 
sels, Belgium. 


(32) Memoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris. 

Génie Civil, Paris, France. 

Portefeuille Economique des Ma- 
chines. Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Technique, Paris, France. 

Revue Mecanique, Paris, France. 

Revue Générale des Chemins Fer 
des Tramways, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

41) Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 


New York 50c. 
(43) Annales des Ponts Chaussées, 
Paris, France. 


(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 
(47) Mechanical Engineer, Manchester, 


ngland. 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) fir Bauwesen, Berlin, Ger- 


many. 

Stahl und Eisen, Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 

ussia 


(53) Zeitschrift des oesterreichischen In- 
und Architekten Vereines, 
ienna, Austria. 
(54) Den Tekniske Forenings Tidsskrifi, 
Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
Teknisk Tidskrift, Stockholm, Swe- 


en. 

Teknisk Ugeblad, Christiania,Norway. 

58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

Transactions, Mining Institute 
Scotland. London and Newcasile- 
upon-Tyne. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 


are references made this month’s list German and Swedish 


periodicais. 
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CURRENT TECHNICAL LITERATURE. [Society 


LIST ARTICLES. 
Bridge. 
Economical Steel and Masonry Highway Work Rye, Y.* (13) Dec. 13. 
Swing-Bridges over the Weaver.* 
Raising the Boston Bridge near McKeesport, Pa.* (14) Dec. 
Curves Weight and Specifications for Electric (13) Dec. 20. 
The Widening London Bridge.* (12) Dec. 21. 
Mechanically Operated Draw Bridge Gate.* (13) Dec. 


Rebuilding the Kinzua Viaduct.* (18) Dec. 29. 
Reinforcing and Rebuilding the Cornwall Bridge Piers.* (14) Dec. 29. 
Pont Roulant Electrique Tonnes Maison Ganz Cie.* (33) Dec. 15. 


Electrical. 


Instruments. Franklin Stevens. (24) Serial beginning July 16, 

ending July 

The Combined and Power Plant. Perkins. (26) Serial 
inning Oct. 12, ending Oct. 

Works (Geneva). (26) Serial beginning Oct. 12, ending 


Laboratory Experiments and Commercial Tests. Fitzhugh 


the St. Croix Power Co. Wisconsin.* Henry Floy. (42) Nov. 
The Induction Motor. Behrend. (27) Serial beginning Nov. ending Dec. 29. 
Incandescent Lamp Development the year 1880.* Edwin Hammer. (27) Serial 
beginning Dec. ending Dec. 15. 
Swansea Electric Tramways.* (26) Dec. 27. 
The Electrical Working Main Line Railways. Ernest Kilburn Scott. (26) Dec. 
The Telegraph.* Pinter. (11) Dec. 
the Supersession the Steam the Electric Locomotive. Langdon. (26) Serial 
beginning Dec. ending Dec. 
Some Notes the Design Large Alternators.* (26) Serial beginning 
Dec. ending Dec. 21. 
Electric Power and Light for the Machine Shop and Foundry. Forrest Am. 
Soc. (13) Dec. 13. 
Leeds Tramway Plant.* (12) Dec. 14. 
Some Requisites Modern Lighting Generator Sets. H.G. Reist. (27) Dec. 15. 
The Influences Exerted Power Factor. Leonard, Jr. (24) Serial beginning 
Dec. 17, ending Dec. 24. 
Economy the Application Collieries and Iron and Steel Works.* 
Ernest Phillips. (22) Dec. 
Electric Haulage for Collieries.* Kilburn Scott. (22) Dec. 21. 
Electric Power Transmitted 153 Miles. (15) Dec. 21. 
Electrical Locomotives and Multiple-Driven Axles. Edward Tyler. (11) Dec. 21. 
Electrical Locomotives for Mine Haulage.* (22) Dec. 21. 
Electricity Mines and Collieries.* Hodgkin. (22) Dec. 
Progress the Application Electricity Goal Mining Operations.* 
22) Dec 
Rapid Variations the Current through the Direct-Current Arc.* Duddell. (11) 
Serial beginning Dec. 21, ending Dec. 28. 
Recharging Motor for Electric Vehicles.* (46) Dec. 22. 
Direct Connected Railway Generators.* (19) Dec. 22. 
Some Electric Furnaces for Laboratory Use.* Charles Norton. (27) Dec. 22. 
Description the Works the Bullock Electric Manufacturing Company, Cincinnati, 
Ohio.* (62) Dec. 27. 
Electric Automobile Trials. (26) Dec. 28. 
Some Recent Tests Electrically-Driven Hoists.* (26) Dec. 28. 
The Nernst Lamp.* (26) Dec. 28. 
Water Loads for Electricity Works.* Warrilow. (26) Dec. 28. 
Report Electric Lighting Exhibits the Paris Exposition. (27) Dec. 
The Delivery Equipment Large New York Store.* Max Loewenthal. (27) 
Wireless (19) Dec. 29. 
Electric Fire Risks. Wynkoop. (10) 
Electric Haulage Belgium the Charleroi Léon Gérard. Jan. 
Operated Machine Tools.* Frank Perkins. (41) Jan. 
Stations; Some Conditions Governing Their Design. Philip 
awson. (10) Jan 
Decision Responsibility for Damage Electrolysis Gas Mains. (13) 


the Electric Street Railway.* (17) Jan. 
Electrical Energy Direct from Carbon. Jan. 
Electrical Power Transmission. Dr. Louis Bell. Jan. 
Electrical Theories. Prof. John Trowbridge. (27) Jan. 
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CURRENT TECHNICAL LITERATURE. 


Electricity the Century. Elihu (27) Jan. 
Electro-Chemistry. Hering. (27) Jan, 
Future Development Wiring. Ward (27) Jan. 


The Automobile. Harold Eames. Jan. 

The Series-Parallel System Motor Control,* Geo, Fowler. Jan. 

The Capacity and Rating Railway Motors. Norman Wilson Storer. Jan. 

The Electric Power Plant the Company; from the Generators 
the Third Rail.* Stillwell, (17) 

The Storage Battery. Augustus (27) 

The Telegraph. Patrick Delany. (27) 

August 10, ending Oct, 10, 

Electrogéne inghoffer-Siemens Exposition 1900.* Georges Henry. 


Dec. 
Groupe Electrogéne 1400 Chevaux des Sociétés d’Augsbourg Réunies 
Société Lahmeyer.* Alfred Boudon, (33) 
Les Génératrices Electriques Lahmeyer Dec. 10. 


Marine. 


The Principles Naval Architecture. (12) Serial beginning Sept. 28, ending 
NOV 


-American Liner (11) Serial beginning Nov. 25, ending 

Laying Out Mine Fields the Navy.* (26) Dec. 14. 

Naval Gun Circuits.* (26) 

The Protected Cruisers the St. Louis Class.* (46) Dec. 

Liquid Fuel-Burning Steamer Bulysses. (11) Dec. 

Modern Ocean Coal Gluttons: The Price High Ocean Speeds.* George Ethelbert 
Walsh. (10) Jan. 


Steel Ships with Protected Bottoms, Designed for Economical Repairing. Joseph 
Oldham. (10) 


Mechanical. 


The Incandescent Gas Mantle and7ts Uses. Vivian Lewes. (29) Serial beginning 
Oct. 19, ending Nov. 


The Drop Test Showing Relative Strength Draft Gears.* 
Sanderson. 

Cast, Forged and Flanged Work Paris. (11) 

Evans’ Improved Ingot Stripper. (22) Dec. 

Machine Tools the National Show.* Dec. 

Road Traction. Professor (29) Dec. 

New Gas Producer.* John Purves. Dec 


Comparative Value Different Arrangements Suction Pumps.* 
eriam Wheeler, Am. Soc. (13) Dec. 

Ramsay Casting Machine: Latest Type Pig Iron Conveyor. (62) Dec. 13. 

Boyer Long-Stroke Pneumatic Hammer. (11) Dec. 

Feed Water and Boilers. (15) Dec. 14. 

New Type Pumps.* (12) Dec. 14. 

Ellis and Eaves’ Induced Draught.* (47) Dec. 15. 

for Dynamically Testing Steam Engine Indicators.* Carleton Read. (20) 

0, 


The Milwaukee Milling Machines.* (20) Dec. 20. 

Engines for the Utilisation Blast Furnace Gases.* (22) Dec. 21. 

Milling Machine Heads Paris.* (11) Dec, 21. 

The Roze Dirigible Airship.* (46) Dec. 

Burning Powdered Coal Stationary (14) Dec. 29. 

Economy the Production and Utilization Steam. Hiller. (47) Dec. 29. 

Elevating and Conveying Machinery.* (47) Dec. 29. 

Making Chisels and other Tools from Files. Walter May. (19) Dec. 29. 

Some Automobiles Exhibited the Paris Exposition.* (46) Dec. 29. 

The Westinghouse-Parsons Steam Turbine.* Dec. 29. 

Prof. Lewes and Lery Light. Dr. Birchmore. (24) Dec. 31. 

New Fuel Gas.* (39) Jan. 

Coke-Making the United States. Data from the Famous Connellsville Region.* 
William Gilbert irwin. (10) Jan 


Continental Steam Engines the Paris Exhibition.* (10) 


Jan. 
Tests the Boiler the Purdue Locomotive. W.F.M.Goss. (25 


New Impact Testing Machine and Brick Testing Machine, Purdue William 
Kendrick Turner. (13) Jan 


The Gas Engine the Beginning the Century. (62) Jan. 
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Continued). 


The Steam Engine To-Day the Field Electrical Engineering Practice. Dr. 
Thurston. (27) Jan. 
and Third-Rail Equipment the Manhattan Railway.* Baker. 
17) Jan. 
Essais d’une Turbine Vapeur Parsons avec Alternateur 000 Kilowatts. 
Lindley, Prof. Dr. Weber. (37) Nov. 
Note sur Traction Mécanique des Chariots Sabouret. (38) Nov. 
Résultats les Plus Théorique Expérimentale sur Frottement 
Médiat. Pétroff. (37) Nov. 
1900.* (33) Serial beginning Dec. ending 
ec. 15. 


Metallurgical. 


The Analysis Slags and Cinders. Joiiet. (6) Nov. 

the Magnetic Separation Iron Ores. Dr. Hermann Wedding. (22) 
Shot Iron: How Recover and How Putnam. Dec. 14. 
the Tempering Iron Hardened Overstrain. (47) Dec. 15. 

The Tropenas Steel Castings Process.* (18) Dec. 15. 

Pyritic Smelting and Hot Blast. Bretherton. (16) Dec. 29. 

Century Blast Furnace Practice.* Walter Kennedy. (62) Jan. 

The Metallurgic Uses Aluminium.* (19) Jan. 


Military. 
United States Naval Proving Ground, Indian Head.* Lieut. Jos. Strauss. (46) Dec. 29. 
Mining. 


Electricity Mining: Principles Governing the Calculation, Construction and Operation 
Installations.* Williamson. (45) Serial beginning May, ending 
ugust. 
The Cripple Creek Mining District, Colorado.* Hazlehurst. (16) Serial begin- 
ning Oct. 20, ending Dec. 
The Biwabik Ore Mine.* (20) Dec. 13. 
The Pittsburg and Buffalo Coal Company’s Mines.* (16) Dec. 22. 
Notes the Fossil Iron Ores Georgia.* McCallie. (16) Dec. 29. 
Pumps for Mine Service.* (45) Jan. 
The American Nettie: Mine Furnishing Illustration the Peculiar Cave Deposits 
the Method Mining Them near Prof. Arthur Lakes. (45) 
an. 
Use Concrete Mining. Its for Lining Shafts and Drifts, and for Mak- 
ing Stoppings. Marcel Habets. (45) Jan. 
Prestongrange Colliery. (59) vol. 22, Pt. 
Weight Winding-Drums for Deep Shafts. Daniel Burns. (59) Vol. 22, Pt. 
Mécanique Charbon.* Félix Colomer. (36) Dec. 10. 


Municipal. 


Uniformity Municipal Reports. Baker. (28) Dec. 

Landscape Connection with Public Buildings Washington. Frederick Law Olm- 
sted, Jr. (14) Dec. 29. 

Repairs Asphalt Pavements Buffalo. (14) Jan. 


Railroad. 


Charles Henry Davis. (17) Serial beginning Feb. 1900, ending 

an. 

Experience with Electric Traction Trunk Railways. Heft. (17) Serial begin- 
ning August 25, ending Sept. 

Locomotives the Paris Exhibition: Express Compound Locomotive, Southern Railway 
Italy.* (12) Serial beginning Oct. ending Nov. 

Transportation Exhibit the United States the Paris Exposition (18) 
Serial beginning Oct. ending Nov. 

Railway Yards and Terminals.* Russell Tratman. (61) Nov. 

Hot Boxes—Their Causes and Preventatives. Bundy. (39) Dec. 

Train Delays. (39) Dec. 

Derailments. Wallace. (47) Dec. 

Rapid Earthwork Calculation. Gillette. (13) Dec. 13. 

The Railway Tax System Michigan. (40) Dec. 14. 

New Denver Shops the Colorado Southern Ry.* Richard English. (18) Dec. 15. 

Train Lighting. (18) Dec. 15. 

Expert Valuation Railway and other Corporate Property Michigan. (13) Dec. 20. 

The Kennedy-Morrison Rail Finishing Process.* (20) Dec. 20. 

Brake.* (12) Dec. 21. 

Locomotive Design. (15) Dec. 21. 

The Bessemer Heavy Traffic Freight Route. (15) Dec. 21. 

The Erie’s Six-Wheel Switching Locomotives—Wide Fire-Box.* (15) Dec. 21. 

The Santa Roadbed Leveler.* (40) Dec. 21. 

The Nashville Union Station.* (18) Dec. 22. 
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The Price Patent Momentum Friction Brake.* Dec. 22. 
Modern Locomotive Design. Waldo Am. (13) Dee. 27. 
Heating System the Clinton Roundhouse.* Dec. 


Heavy Ten-Wheel Compound Passenger Locomotives with Wide Fire-Box—Lehigh Valley 
Railroad.* Dec. 28. 


Oil Locomotive Fuel California.* Dec. 28. 

Landscape Gardening Maintenance Way Work. Louville Curtis. (19) Dec. 29. 

The Halford Gradient Railway.* (46) Dec. 29. 

Modern Roundhouse, Chicago Northwestern Railway, Ia.* (25) Jan. 

Center Plates.* Edward Grafstrom. (25) Jan. 

Effective Lubrication Driving Boxes.* (25) Jan. 

Four-wheel Steel Frame Truck and Steel Frame Draft Gear for Passenger Equipment, 
Lake Shore Michigan Southern Railway.* (25) Jan. 

Gravity Planes—Number Cars Required. (45) Jan. 

Low Drop-bottom Gondola Car, lbs. capacity: Chicago Northwestern Railway.* 


25) Jan. 

The Large Steel Car. Its Development and Position the Business Railroads. 
Morris. (25) Jan. 

Method Procedure Remodeling Freight Yards. W.C. Cushing. (15) Jan. 

Telephone Train Despatching. Jan. 

The Design Structural Steel Cars.* King. (15) Jan. 

The Storage Air Brake System.* (17) Jan. 

Nouveau Systémes Distribution pour Locomotives.* (34) Serial 
beginning Sept., ending Nov. 

Les Appareils Sécurité des Chemins Fer Exposition 1900. (36) Serial begin- 
ning Sept., 25, ending Oct. 10. 

Fer Transsibérien Lac Baikal.* Platon Yankowsky. (32) 

ov. 

Les Chemins Fer Siberie. Jacqmin. (32) Nov. 

Les Chemins Fer les Tramways Universelle 1900: Matériel 
Objets Exposés par Compagnie d’Orléans.* (38) Nov. 

Locomotive Mixte Compound Trois Cylindres des Chemins Fer Jura-Simplon.* 
Barbier. (33) Dec. 

Locomotive Grande Vitesse Compound-Tandem Construite par Poutiloff, 
Saint-Pétersbourg.* Barbier. (33) Dec. 

Les Wagons Acier Moulé sous Pression.* (36) Dec. 10. 

Quelques Observations Relatives aux Locomotives 1900. (36) Dec. 10. 

Chemin Fer Transsibérien. Son Influence Economique sur Miniére 
Sibérie sur Commerce International.* G.de Krivochapkine. (33) Serial be- 
ginning Dec. 15, ending Dec. 22. 

Sanitary. 


The Economical Disposal Town Refuse. Brierley Denham Healey. (47) Serial be- 
ginning July 14, ending July 28. 

Purification Sewage Bacterial Methods.* Leonard Kinnicutt. (28) Dec. 

Paris Drainage and Water Supply. (12) Dec. 14. 

The Treatment London Sewage. Prof. Frank Clowes. (29) Dec. 14. 

Results Obtained with Large Experimental Septic Sewage Tanks and Rapid Filtration 

Plumbing Details the Residence Dr. Dunham.* (14) Dec. 22. 

The Brookfield, Mo., Sewerage System. Garrett. (14) Dec. 22. 

Tank Experiments the Massachusetts State Board Health. (14) Dec. 


Inspecting and Cleaning Intercepting Sewer Columbus, (13) 27. 
Heating the Westminster Chambers, Boston.* (14) Jan. 
Les Appareils Chauffage 1900.* (33) Dec. 15. 


Structural. 


Steel: Its Properties and Tests. (26) Serial beginning Sept. ending Oct. 19. 

Iron and Steel the Paris Exhibition.* Prof. Bauerman. Serial beginning 
Sept. 22, ending Oct. 20. 

Eliminating the Conflagration Hazard. Everett Crosby. (28) Dec. 

The Great Northern Paper Company’s New Mills.* (14) Dec. 15. 

Steel-Concrete Stable Roof.* (14) Dec. 22. 

Some Recent Tests American Iron and Steel. Walter Esterline and Robert 
Treat. (27) Dec. 22. 

The Highest Chimney the World. (24) Dec. 24. 

Waterlogged Subsoil.* Vesey Brown, Assoc. Inst.C. (10) 

Tension Impact Tests Rolled Steel.* Bent Russell, Am. (13) Jan. 

Construction and Equipment Bridge Shop Plant.* (14) Jan. 

The Power House and Sub-Station Buildings the Manhattan Railway Company.* 
George Pegram. (17) Jan. 


des Agglomérés Procédé Schwarz*. Cuénod. (33) 
ec. 
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Topographical. 


The Transcontinental Triangulation and the American the Parallel. John 
McGrath. (13) Jan. 


Water Supply. 


The Experimental Filter Plant Pittsburgh.* Morris Knowles. (1) Nov. 

Description Experimental Filter Plant Pittsburgh and Results Experiments.* 
Morris Knowles. (28) Dec. 

The Snoqualmie Falls Water-Power Plant and Transmission System.* (13) Dec. 13. 

Continuous Automatic Water Purifier.* (15) Dec. 14. 

Iron Removal from the Prenzlau Water (14) 15. 

Testing the Capacity Turbines. Edward Burch. (27) Dec. 29. 

Self-Governing Impulse Water-Wheel.* (13) Dec. 27. 

Removal Iron from Water. (14) Dec. 29. 

Water Softening Plant the Cincinnati, Hamilton and Dayton Railway.* (15) Jan. 

Hydraulic and Steam Power Plant, Stuyvesant Falls, Y.* (14) 

an. 


Waterways. 
The Isthmian Canal Commission’s Report. (14) Serial beginning Dec. ending Dec. 


15. 

The Preliminary Report the Isthmian (13) Serial beginning Dec. 
20, ending Dec. 27. 

The Concrete Lock near St. Paul. (14) Dec. 22. 

The New Hoboken Terminal the North German Lloyd Line.* Dec. 22. 

Design for Controlling Works atthe Head the Chicago Drainage Canal.* (13) Jan. 

The Piers the North German Lloyd Steamship Co., Hoboken, J.* 
(13) Jan. 3. 

The Engineering Works the Suez Canal. (14) Jan. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


SPECIFICATIONS FOR STEEL BRIDGES. 


pp. New York, John Wiley Sons, 1900. $1.00. 


There being considerable demand for the specifications Pontibus,” the 
author that work have printed the specifications, together with the 
tables and diagrams, separately from the other chapters. This was done that the speci- 
fications might obtained much less than the cost the original treatise. 


few changes have been made order bring the specifications date. There 
index twenty-two pages. 


NOTES SOME EUROPEAN IRON-MAKING DISTRICTS. 


Collection The Iron Age. Kirchhoff. Boards, 
113 pp., illus. (Donated the Author.) 


This series letters embodying the results observations made visits 
iron and steel plants Germany, the Minette District Lorraine,and England. 
includes descriptions the coal and iron supplies those districts. 


GEMEINFASSLICHE DARSTELLUNG DES EISENHUTTENWESENS. 


Herausgegeben vom Verein Deutscher Eisenhiittenleute Diissel- 
dorf. Cloth, 144 pp., illus. Bagel, 1901. 


The Contents are: Part Die Darstellung des Roheisens; Die Darstellung des 
schmiedbaren Eisens; Die Formgebungsarbeiten. Part Das Eisengewerbe den 
einzelnen 


FIELD MANUAL FOR ENGINEERS. 


Philetus Philbrick. Leather, 388 pp. New York, 
John Wiley Sons, 1901. $3.00. (Donated the Author.) 


The preface states that the aim this work has been: First, present the subjects 
the text mathematical and logical order. Second, classify all problems pre- 
sented easily referred to. Third, Especial care has been taken express the 
resulting formula problem the form requiring the numerical computa- 
tion. Fourth, furnish large number useful tables, more complete, more 
extended, and, where possible, with more elementary and appropriate arguments than 
other similar tables possess. Fifth, treat the general problems Railway Engineer- 
ing more extensively than other similar works have done. 

The headings chapters are: Preliminary Operations; Adjustments, Use, and Care 
Instruments; Plane Trigonometry; Curves Connecting Right Lines; Leveling, 
Stadia Measurements, etc.; Compound Curves; Reversed Curves; Turnouts; The True 
Transition Curve; Calculation Earthwork; Approximate and Abridged Computations; 
Construction; Explanation Tables and Miscellaneous Topics; Tables. 
index three pages. 


STREET RAILWAY ROADBED. 


Mason Pratt, Assoc. Am. Soc. E., and Alden, 
Assoc. Am. Soc. Cloth, ins., 135 pp., illus. New 


York, Street Railway Publishing Company, 1898. $2.00. (Donated 
the Authors.) 


The authors state that the subject-matter this book mostly made from con- 
tributions the Street Railway Journal, Engineering News and Proceedings, 
Soc. not supposed cover the entire field street railway track construc- 
tion, but present compact form the main points the best practice to-day. The 
headings chapters Early Types Rails; The Development the Girder Rail; 
What Governs the Shape The T-Rail Adapted Street Railways; Track 
Fastenings and Joints; Special Work: Advantages Spiral Curves and 


Tables for Same; Design Special Work; Surveys and Laying Out Work; Specifica- 
tions; Index. 
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WATER POWER; 


Outline the Development and Application the Energy 
Flowing Water. Joseph Frizell, Am. Soc. Cloth, 
ins., 563 pp., illus. New York, John Wiley 1901. 
(Donated the Author.) 


The author states that this sense elementary work. assumes the 
reader possessed elementary notions mechanics and mathematics. The work 
does not attempt much into constructive details. directs the attention 
the involved the design, and the results aimed at. The contents 
are: Natural Watercourses; Dams for Water-Power; Construction Dams; Dams 
Masonry; Appendages Dams; Movable Dams; Storage Reservoirs and Reservoir-Dams; 
Rock-Fill Dams; Reservoir-Dams Masonry; Examples High Dams; Failures 
High Dams; Canals, Gates, etc.; Hydraulic Motors; Water-Wheels; Turbines; Append- 
ages and Attachments Turbines; Canals; Development Natural Water-Powers; 
Transmission Power; Shafting and Wire Rope; Hydraulic Transmission: Trans- 
mission Compressed Air; Transmission Electric Current; The Power-House; 
Measurement Water; Storage and Pondage Water; Damages Mill-Owners 
Resulting from the Diversion Water. 


MEMEL-, PREGEL- UND WEICHSELSTROM, IHRE STROMGEBIETE UND IHRE 
WICHTIGSTEN NEBENFLUSSE. 


Eine hydrographische, wasserwirthschaftliche und wasserrecht- 
liche Darstellung. Auf Grund des Allerhéchsten Erlasses vom 28. 
Februar, 1892, Auftrage des preussischen Wasser-Ausschusses 
herausgegeben von Keller, Geheimer Baurath, Vorsteher des 
Bureaus des Ausschusses. Cloth, vols., ims. (atlas, 18). 
Berlin, Dietrich Reimer, 1899. (Donated Glasenapp.) 


The Contents are: Vol. Stromgebiete und Gewiisser; Vol. Memel und Pregelstrom; 
Vol. Weiehselstrom Schlesien und Polen; Vol. Weichselstrom Preussen; Vol. 
Tabellen; Vol. Kartenbeilagen. 


INDEX ENGINEERING NEWS 


For the years 1890 1899, inclusive. Compiled Mary Miller. 
Cloth, 324 New York, The Engineering News Publish- 
ing Co., 1900. $2.50. 


DONATIONS THE LIBRARY. 


From Dec. 1900, Jan. 1901. 


Am. Inst. Min. Engrs. pam. Merchants’ Assoc. 
Australasian Inst. Min. Engrs. pam. Nelles, George pam. 

Belzner, pam. North, Edward bound vol. 

Boston Pub. Lib. vol. Ottawa Literary Sci. Soc. vol. 

Cal. Acad. Sci. Philbrick, Philetus bound vol. 


Cornell Univ. vol. 

Eng. News Pub. Co. bound vol. 
France—Ministére des Travaux Publics. 


vol. 
Frizell, bound vol. 
Hermann, bound vol. 
Industrial Water Co. pam. 
Inst. Engrs. and Shipbuilders Scot- 

land. bound vol. 
Tronmonger, The. vol. 
Kingman, Lewis. bound vol. 
Kirchoff, bound vol. 


Schneider, 

Seward, George pam. 

Smithsonian Inst. bound vol. 

Thompson, Robert vol. 

Thomson, John. bound vol., pam. 

Commr. Navigation. bound vol. 
Geological Surv. bound vol., 


pam. 

U.S. Naval Observatory. 

Verein Deutscher 
bound vol. 

Villalon, José pam. 
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Affairs. MEMBERSHIP—ADDITIONS. 


ADDITIONS. 
MEMBEBS. 
Date 
Shedd and Sarle, 146 Westminster St., Jan. 1901 
Spooner, ALLEN NEWHALL, 
Asst. Eng., Dept. Docks and Ferries, Foot 24th St., East 
Div. Eng., Rapid Transit Commission, 231 West 
ASSOCIATE MEMBERS. 
JOHN, Jun. Dec. 1889 
Care Keystone Bridge Works, Pittsburg, Pa. Jan. 1901 
276 Arlington St., Youngstown, Assoc. Jan. 1901 
Epwin 
134 Collinsville Ave., East St. Louis, Dee. 1900 
City Engineer, Parkersburg, Jan. 1901 
Frep 
New Federal Bldg., Chicago, 1901 
Omar, 
Chf. Eng., The Twin Lakes Reservoir Co., and The Twin 
Lakes Land Water Co., 227 Central, Block, Pueblo, 
West 131st St., New York City.......... Jan. 1901 
Eng. and Man., Gilsonite Roofing and Paving Co., 716 
New York Life Bldg., Kansas City, Jan. 1901 
FREEMAN, 
Asst. Eng, Pennsylvania Water Co., May 1897 
Wood St., Station Pittsburg, Pa....... Jan. 1901 
THORNLEY, JULIAN, 
Asst. Eng., Rapid Transit Commission, 231 West 
Watson, Jay, Oct. 1898 
504 Osborn Bldg., Cleveland, Ohio. Jan. 1901 
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MEMBERSHIP—RESIGNATIONS—DEATHS. 
Date 
WHISTLER, Membership. 
Isthmian Canal Commission, Washington, D.C.......... Jan. 1901 


Asst. Eng., Isthmian Canal Commission, Corcoran 
Bldg., Washington, C.......... Jan. 1901 


JUNIORS. 


ALEXANDER, Jr., 
WILLIAM 
Asst. Eng., Waddell Hedrick, 664 Gibraltar Bldg., 
ALEXANDER, Jr., 


Van Loan, Morton, 
RESIGNATIONS. 
ASSOCIATE MEMBER. 
JUNIOR. 
Elected Member, June 1879; date death 
unknown. 
NILES.............. Elected Member Nov. 1871; died Dec. 28, 
1900. 
Elected Member Sept, 1887; died Dec. 
11, 1960. 
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PAGE. 
Flow the Sewers the North Metropolitan Sewerage System Massachu- 
setts. 
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The Preservation Railway Ties Europe. 


The Theory and Practice Precise Leveling. 
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any its publications. 


FLOW THE SEWERS THE NORTH METRO- 
POLITAN SEWERAGE SYSTEM 
MASSACHUSETTS. 


During the past few years several series current meter observa- 
tions have been carried intervals the Metropolitan Sewers 
the vicinity Boston, Mass., for the purpose, first, obtaining 
suitable means for recording the daily flow sewage pumped the 
various pumping stations, and, secondly, studying the changes 
the carrying capacities the sewers, due the deterioration the 
internal surfaces. Data for the flow sewage channels large 
size are somewhat scarce, and, therefore, the writer feels justified 
presenting short description portion the work which thinks 
may interest, and perhaps service, many. 

The work was done under the direction William Brown, Jr., 
Am. Soc. E., Chief Engineer the Metropolitan Sewerage 
Commission, and was carried out under the immediate charge the 
writer. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the may 
sent mail theSecretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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The portion the work herein described consisted three series 
observations made the channels the North Metropolitan 
system, below the Charlestown and the East Boston pumping stations. 
The first series was made soon after the pumping stations and 
systems these points had been put operation. The next series 
was made 1897, after these channels had been operation about two 
years, during which time ample opportunities for changes the carry- 
ing capacities had taken place. The third last series took place 
1900, and was made just previous the tests the additional pump- 
ing plants recently installed these order suitable 
rating the channels could made obtaining the quantity 
sewage discharged the pumps during these tests. 

The methods used carrying out these sets experiments were, 
with slight modifications, the same all cases. Ellis current 
meter, with four vanes, and provided with electrical recording in- 
strument, was used. Previous each series observations, was 
carefully rated over course varying length from 500 000 ft., 
and for varying speeds. From these tests rating chart was con- 
structed for use the calculations. 

The points selected for carrying out these observations were man- 
holes located some distance below the pumping stations, where the flow 
was free from any disturbinginfluenceof the pumps. The points were 
about 800 ft. below the stations, each case, and were far removed 
from any changes alignment, cross-section grade the sewer. 
Below the East Boston pumping station the cross-section the sewer 
9-ft. circle 12-in. brick work, cement-washed, with hydraulic 
gradient Only local connection enters this stretch 
sewer. changes grade occur within distance 000 ft. 
below the pumping station. point ft. below the pumping 
station, there change from circular section horse-shoe sec- 
tion the same equivalent area. This section continues for distance 
000 ft. and then returns circular section. Below the Charles- 
town pumping station, the cross-section the sewer ft. 8ins., 
basket-handle, 8-in. brickwork, cement-washed, with hydraulic 
gradient The cross-section and grade are uniform fora 
distance about 000 ft. below the pumping station, and local 
connections enter the sewer within this distance. 


order determine whether the change section the East 
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Boston channel would have any appreciable effect the flow the 
circular section above it, simultaneous observations depth were 
made along this channel for various rates pumping. These 
measurements showed that sensible variation depth flow 
occurred, except near the point where the cross-section changes; and 
that, for the stretch channel where the observations were carried 
the flow line and invert were sensibly parallel. Such study, below 
the Charlestown pumping station, was not deemed necessary, owing 
the greater length uniform section and grade. 

Before operations the channel were commenced, careful gaugings. 
the cross-sections were made; graduated straight-edges, provided 
with plumb-bobs, were inserted; suitable gauges erected for observing 
the depth flow the platform hung convenient 
position from which operate the meter. 

For the purpose determining more exactly the position the cur- 
rent meter while taking observations, modification the usual 
method using this form Ellis meter was adopted. The meter was 
run upon graduated steel rod, such manner that could 
clamped any desired position along the rod. taking reading 
the meter was immersed, one end the rod was placed the 
firmly against the side the channel, and the other end held firmly 
the hand and centered definite point the straight-edge—the 
straight-edge being secured horizontal position across the channel 

and slightly above its center. this position the meter rotated freely 
upon the rod, which turn could held any direction plane 
right angles the axis the channel. The position the meter 
could thus located the following manner: distance along 
the steel rod from the wetted perimeter radial line from the central 
point the straight-edge; vertical position reference the 
horizontal straight-edge, vertically graduated 
attached the central axis the meter; horizontal distance 
measured along the graduated straight-edge reference the vertical 
diameter the channel. isthus seen that the position the meter 
was fixed three measurements, which only two were necessary, 
the third one affording check. fact, too much attention cannot 
given this point, especially with channels moderate size, and 
which the variations the velocity the cross-sections may 


great. 
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taking the observations, two men were stationed the platform, 
one hold the meter and rod the desired position, the other 
observe the vertical and horizontal position with reference the 
straight-edge. The positions the meter were usually selected 
advance. with the meter distance 0.25 ft. from the 
wetted perimeter, individual velocity readings were taken successively 
each foot and half-foot the right and left the vertical diameter 
the channel. meter was then run the rod distance 
0.5 ft. from the wetted perimeter, and second set readings taken 
the right and left the vertical diameter, and on. 

the surface the ground third man recorded the revolu- 
tions the meter means stop-watch and electrical clock 
register. Ellis meter this type registers only half revolutions, 
and the intervals for single readings were sometimes necessarily 
short, dial readings the electrical instrument were not used, but, 
instead, the revolutions were counted directly means the stop- 
watch and listening the click the electrical register. 
fraction revolution could thus easily estimated. The interval 
for each single observation was usually minute, but ranged from 
seconds minutes, according the time available for complete 
cross-sectional measurement. run for longer interval than 
minutes, was found that the interferences from clogging and the 
interruptions the electrical recording apparatus became numerous 
interfere seriously with the measurements. 

Between each the individual readings the meter was taken out 
and carefully inspected determine whether any foreign matter had 
lodged upon such way affect its correct registration. The 
frequency with which such interferences occurred seemed 
serious draw-back first, but selecting suitable time interval, 
careful inspection the meter, noting carefully any deviation 
the initial rate which the meter registered when first immersed, and 
comparing the consistency the final results, errors from such 
sources were easily determined. All suspicious readings were, 
couse, repeated, and frequent check readings were made during 
cross-sectional measurement. 


Before starting cross-sectional determination for any given depth, 
the pumping the station was maintained uniform rate until the 
flow had become constant and free from any possibility accelera- 
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tion back-water. This was easily determined frequent gauge 
readings the observation manhole, and when uniform flow was once 
established was maintained, within close limits, until the desired 
number meter readings had been taken. These conditions were 
easily maintained, except when the pumping was rate different 
from the normal rate flow the sewer, which case the pumps 
were working against variable lift and required constant changes 
the speed order maintain constant discharge. During observa- 
tions with low flows, the sewage stored the suction sewer was 
utilized furnishing increased discharge for high rates flow. 

working the results these measurements, graphical 
methods were used entirely. Cross-sections each channel, suit- 
able scale, were plotted from the actual gaugings taken the sewer 
the observation manhole. 

separate sheet cross-section paper was devoted each sec- 
tional measurement, and upon were plotted the sewer section, the 
straight-edge, the average water line, and the various positions the 
current meter during the sectional measurement, with the correspond- 
ing velocities computed from the field notes and rating chart. Vertical 
and horizontal lines were then drawn many positions. 
the meter possible, and, means these, suitable horizontal 
and vertical velocity curves were constructed. The method previously 
described for placing the meter position, during the observations, 
brought most the positions the meter vertical lines even 
distances each side the vertical diameter. This was not the case 
with the horizontal lines, although the points lie sufficiently close 
the selected horizontal lines approximate closely the desired 
purpose. From these horizontal and vertical velocity curves, points 
the cross-section were obtained, through which iso-velocity curves. 
could drawn and the fluid prism will seen that. 
such set auxiliary horizontal and vertical curves gives independent. 
locations points for the iso-velocity curves, and, when there was 
any apparent disagreement, the mean location the point was 
adopted. 

This method developing sectional measurement shown 
detail Fig. the upper set diagrams corresponding No. 
the Charlestown series 1900, and the lower set No. the East 
Boston series 1900. 
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The volumes the fluid prisms were computed according the 
prismoidal formula, and the results were tabulated and compared with 
the Kutter formula according values From comparison 
these values, suitable value was then selected, from which, 
with the geometrical elements the cross-section, discharge table 
could constructed for use each pumping station. 

The results these observations, arranged series according the 
periods which the observations were made, are shown Table No. 


TABLE No. 


1.44 16.59 2.46 0.958 112 0.0131 
26.81 2.82 1.187 115 
1.02 6.10 1.58 0.619 110 
2.04 29.40 2.70 1.208 134 0.0116 
2.45 42.18 1.408 139 0.0115 
3.16 69.50 141 0.0117 
138.00 4.18 2.309 150 0.0115 
DECEMBER, 1897. CHARLESTON PUMPING STATION. 
2.91 2.97 1.540 107 0.0149 
56.14 1.650 111 0.0147 


123 0.0126 


2.55 

47.75 2.90 1.560 127 0.0127 
62.05 3.06 0.0129 
8.18 1.771 131 0.0126 


24.96 2.38 1,120 119 0.0180 
.26 2.82 1,606 121 
3.64 1.952 124 0.0138 


« 


July, 1896, the system these points had been operation 
about months, and the masonry was almost its original condition. 
sides each sewer, above and below the average water line, were 
covered with thin coating grease leaden color, and supported 
organic growth—probably fungus nature, probably light 
ever entered the sewer, except temporarily. 

The condition the sewers November and December, 1897, after 
continuous service years and months, was similar that the 
time the 1896 observations. There were slight incrustations fre- 
quent intervals, due barely visible seepage ground-water, and 
the growth, though not much heavier, covered greater area the 
sides the sewers. 

The condition the channels April and June, 1900, after con- 
tinued use years and months, was not much different from that 
which obtained during the 1897 observations. Theincrustation seemed 

slightly greater, but the organic growth did not show any marked 
increase over that present 1897. 

discussion any observations such these should made with 

caution, and the following remarks are offered more suggestions 
than the writer’s views. ‘will seen, first, from hydraulic 
standpoint, that the results the individual observations any one 
series show slight lack uniformity, and, when compared according 
values not arrange themselves any definite order. This 
may due slight inaccuracies, from various sources, dealing 
with fluid the nature sewage; relative variations the 
condition the internal surfaces the different depths flow; or, 
perhaps, the variation the composition the sewage itself. 
However this may be, found that the different series themselves 
compared, these slight differences fade importance, and the 
results show much greater uniformity. This illustrated more 
clearly Table No. which gives the average values the 
three series, for each channel, arranged the order time. 


TABLE No. FOR THE CHARLESTOWN AND 
Boston CHANNELS. 


Year. 1896, 1897. 1900. 
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the results Table No. plotted, shown the diagrams 
Fig. with the horizontal scale representing time intervals from 
the date opening each system, and the vertical scale representing 
the tabulated values and curve sketched through them, 
might generalize follows: 

(1) Both curves are similar; the Charlestown channel curve being 
the steeper, and indicating greater change internal friction. 

(2) Both curves show sharp rise near the origin, indicating that 
the greatest change internal surface took place soon after the 
channels were put operation. 

(3) That the curves projected back the vertical axis, they 
show roughly the same initial coefficient friction between 0.010 
and 0.011, the Charlestown channel giving slightly the higher value. 

comparing these changes the values with the actual con- 
dition the channels, should kept mind that the East Boston 
chanrel ft. greater diameter than the Charlestown channel, that 
the invert the East Boston channel approximately ft. above 
mean low water, while the Charlestown channel ft. below mean 
low water, and that the East Boston channel receives relatively less 
storm water than the Charlestown channel, and is, consequently, sub- 
ject less fluctuation water surface. The importance this last 
influence evident from the fact that the deposit both grease and 
organic growth appeared greater abundance the sides the 
channels, and was greatest near the line average flow. the bot- 
tom the channel there was practically deposit; resulting, 
doubt, from the scouring action sand and other heavy particles 
transported along the invert the sewage. This last feature 
means novel, and has frequently been observed, though less 
extent, water-supply conduits. 

The effect the density the sewage upon the carrying capacity 
these channels appears slight, view the fact that the 
observations were made under all the varying conditions storm and 
dry-weather flow. The possible effect cleaning scraping, how- 
ever, might much greater, but, this date,no cleaning any 
sort has taken place these channels. Such questions, with others 
equal interest, will, hoped, have more light thrown upon them 
the future continuance this work. 
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Discussion.* 


Messrs. Warp and Howe. 


Warp Am. Soc. E.—Mr. Chanute’s exhaustive Mr. Baldwin. 


résumé the present practice Europe the preservation 
wooden railway ties suggests the speaker what generally regarded 
the next step the evolution railway track, namely, the use 
metal ties. true, general, that, the cost timber increases, 
becomes more economical use, first, preserved ties, and then, 
metal ties. Now, the statistics presented the paper show that 
Europe preserved ties can procured cost which would appar- 
ently make them more economical than metal ties. nevertheless 
true that metal ties are used extensively there. The observation 
the speaker, passing over many miles European roads laid with 
metal ties, that the riding qualities track with metal ties are 
not superior those track with wooden ties; and, therefore, the 
reason for their use would not appear that they give smoother 
track. comparison the practice Europe the use creosoted 
ties and the use metal ties, now that the latter have been 
extensive and growing use there for number years, would 
interesting, and hoped that Mr. Chanute may add his paper 
discussion this feature. 


*Continued from December, 1900, Proceedings. See September, 1900, Proceedings, 
-for paper this subject Octave Chanute, Past-President, Am. Soc. 
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Am. Soc. E.—The author shows, among 
other things, how ties are seasoned before treatment Europe, and 
emphasizes the necessity for doing any and all the processes 
which mentions. 

Possibly, seasoning for treatment one thing and seasoning for 
direct track use another. That is, the more the wood made suscep- 
tible the antiseptic, the better are the results, within certain limits; 
while the less alteration the surface undergoes, the other case, the 
better will the tie stand the weather afterward. 

seems reasonable, therefore, insist that even more care should 
taken, the latter case, protect ties held from one 
cause another, the railroad company. 

not uncommon see bricks roofed over after receipt from the 
yard, and that considered economy private concerns, why 
should not covering ties economy for corporations? Bulk for bulk, 
the cost about the same. 

the saving preserving ties, evident that everyone 
must for himself. present prices, the wolf does not seem 

Assuming that raw tie will last years first-class ballast (and 
railroad hereabouts would consider seriously the treatment ties 
unless its ballast was approximately first class), and that treated tie 
will last years, the following figures may serve basis for com- 
parison: 


One raw tie place, cents 
Interest 4%, compounded annually for 


Total cost maintain one raw tie for years....... $2.76 
One treated tie place, cents cents 
Total cost maintain one treated tie for years.... 2.64 


Roughly speaking, the costs are the same. allowance made 
for tie-plates. The item for treatment (50 cents) includes extra 
freight that account. 

the foregoing does not focus with the facts, hoped that the 
author will indicate the reason. 
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THE THEORY AND PRACTICE PRECISE 
SPIRIT LEVELING. 


Discussion.* 


(by letter).—This paper presents every Mr. Williams. 
detail precise spirit leveling with clearness, and points out 
scientific manner those features wherein some the older methods 
precise leveling are fault and introduce errors into the work. The 
paper also gives the profession many facts which good observers 
have known for some years but have kept themselves. some 
cases, however, the author has made deductions from too few observa- 
tions, and made few statements which, with larger experience 
this line work, would not have been likely make. 

Rods The author undoubtedly correct the reasons given for 
the superiority self-reading over target rods, and the writer would 
add one other reason why self-reading rod superior target rod: 
observer inclined take longer sights with target rod than 
with self-reading rod, because prone think can bisect 
target long distances; whereas, has estimate millimeters 
rod graduated centimeters, will not take such long sights. The 
writer’s experience has been that short sights are conducive accurate 
work. 

Foot-Plates.— Not many experienced observers will agree with the 
author that foot-plates are entirely out date. whether pins 


Continued from November, 1900, Proceedings. See 1200, Proceedings 
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Mr. Williams. foot-plates are the better for rod supports depends the nature 


the ground over which the levels are run. stiff clay soils, grass 
roots, wooded lands full roots and leaf mould, pins are the better; 
but for very sandy soil, railroad embankments sand, sand and 
gravel, and hard roads and pavements, foot-plates are the better 
supports. 

Refraction.—The author seems have underrated the errors due 
refraction says (page 839)*: 

changes slowly and with some degree regularity, and 
noticeable only comparatively long sights (500 more), little 
appreciable effect produced thereby level readings unless 


considerable time elapses between taking back and foresight readings 
late early the day.” 


Under some conditions, changing refraction will affect the readings 
very materially, even sights short Latein the afternoon 
sunny day the earth sometimes cools Atsuch times 
the refraction becomes very erratic, and changes rapidly. rod read- 
ing will change much mm. short time. Under such 
conditions observer must wait until the air steadies down, turning 
from one rod the other until sure get both sights under uni- 
form conditions; or, may that will have quit observing alto- 
gether. light drifting fog will cause large and sudden changes 
refraction. Passing clouds warm sunny day cause sudden changes 
refraction, which must guarded against. When the line sight 
passes over ravine through which cool air moving, the reading 
very much affected refraction. the line sight passes near the 
ground one sight and high above the ground the other, the error 
due refraction will considerable the sun shining, and such 
conditions are avoided, the sights must very short. This 
applies particularly leveling steep grade. 

change the temperature the air, from any cause whatever, 
will cause change the refraction, and observer should con- 
stantly the lookout for such changes between the back and fore 
sights. 

Collar Inequality.—The old method determining the error due 
collar inequality undoubtedly correct, the author’s attempted demon- 
stration the contrary notwithstanding; but the writer has found 
necessary, using this method with Kern instrument, firmly 
support the ends the bar directly under the wyes, and not. depend 
wholly the vertical axes keep the wyes perfectly fixed while the 
telescope reversed. This can done very easily and quickly 
driving large spikes the required height, into the top large 
stump other stable structure. 

The author’s new method determining the error due inequality 
collars would all right had not neglected take into 
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account errors due refraction and due the curvature the earth Mr. Williams. 
when taking unequal sights. the example given, the error due 
curvature 0.55 mm., and makes the constant error due inequality 
collars 0.0544 mm. instead 0624 mm. per 

Methods Observing.—There can but one objection urged against 
the author’s method observing, namely, that requires about one- 
half more time than other methods which are just good, far 
eliminating instrumental errors concerned. 

Equalizing the sights eliminates all instrumental errors and errors 
due curvature and constant refraction more completely than any 
other process; hence, there nothing gained reversing the striding 
level and inverting the telescope order eliminate errors inclin- 
ation and collimation second time, especially extremely 
doubtful these manipulations can always made perfectly with any 
precise level. 

The author’s method gives double the number observations, 
compared with the ordinary method, and should, therefore, more com- 
pletely eliminate errors pointing and estimation, and give better 
results, there are not other errors introduced increasing the time 
observation. 

generally conceded that there are certain small errors due 
changes temperature the different parts during 
observations and the change temperature the earth, such 
the rising and settling the rod supports and the instrument. Now, 
these errors will increased proportion the time each instru- 
ment station increased, that the method which will reduce the 
time observation each instrument station minimum, and 
thus allow the stretch run the shortest time, the best, far 
reducing the errors due temperature concerned. 

Following the methods used the. Mississippi River Commission, 
the average time required walk between stations, set the instru- 
ment, and take the readings, about minutes, under average condi- 
tions; whereas, the author’s method requires from minutes for 
each station. The progress, therefore, will about miles per day 
the former method and mile per day the latter, and the 
author’s method would increase the cost per mile about one-half. 
The author undoubtedly correct stating that all errors should 
eliminated the observations themselves far possible, few 
errors remain constant, and, therefore, corrections for these cannot 
applied results with any degree accuracy. 
During the season 1900, two precise-level parties ran 230 stretches 
the Upper Mississippi River, and the sights were kept nearly 


equal that correction for errors collimation, inclination and 
inequality telescope collars was applied only four results, and 
each case the correction amounted only 0.1 mm., that the results 
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Mr. Williams. would not appreciably affected these corrections had been 


neglected altogether. 

Rapidity.—The progress made the parties working under the 
Mississippi River Commission for the past three years may in- 
terest when comparing methods, accuracy work, etc. 

The limit closure the following lines was fixed 
being the distance run between bench-marks, kilometers. There 
were two parties working together, taking alternate sections the 
line, all this work except the line from St. Paul Aitkin, Minn., 
where the writer had single The time given includes all the 
days the parties were the field, Sundays and holidays excepted; 
days lost rain otherwise are not deducted. The distances given 
refer completed work, and always represent double line, and 
some cases more, where the line, first trial, failed close inside the 
limit. 


TABLE No. 32. 
> L235 a= 
Adams, Rouge, La.... 
St. Paul, Minn..... Aitkin, Minn........... 1898 222 


Brainerd, Itasca.......... 
Cass Lake, Rapids, Minn. 1900 204 


The probable errors the foregoing lines were computed the 
formulas given the paper (page 891). 

Cost.—The cost per completed mile the foregoing lines, where the 
data are available, follows: 


New Orleans Biloxi....... miles......... $16.00 per mile. 
St. Paul Aitkin ......... 13.85 


This estimate includes all items expense, traveling expenses, 
express instruments, bench-marks, except cost instruments 
and outfit. 

The tile and pipe bench-marks, with brass caps, used the 
Mississippi River Commission, cost about each, delivered. 

the traveling expenses and express freight charges are deter- 
mined the locality the work, andare the same any given case, 
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regardless the number miles run, and the cost bench-marks Mr. Williams. 
depends the kind and number used, estimate cost per mile, 

leaving out these items expense, would more value the 

engineer making estimates cost for proposed lines levels. 

Leaving out these items the cost per mile for the lines already given 

would $15.50, $12.65 and $15.25, respectively, the order given. 

comprehensive, and Mr. Molitor deserves great credit for the exhaust- 
ive manner which has treated the subject. 

The Mississippi River Commission has carried line precise 
levels from Itasca Lake, the source the Mississippi River, the 
end the Eads Jetties, the mouth that river. Side lines have 
also been run from Fulton, Lake Michigan, Chicago, and 
from St. Paul, Minn., Lake Superior, Duluth—a total length 
something like 000 miles. Many the features now recognized 
good practice have been developed this work. 

The surface and sub-surface bench-marks were devised the 
writer 1882, and their utility best shown the fact that 
material change has been made them since they came into use. 
The necessity having durable marks frequent intervals was soon 
apparent. few years’ experience demonstrated that massive 
buildings settled, and natural ledges rock disintegrated from frosts 
and sometimes were quarried for various purposes. Stone posts, 
projecting foot more above the surface, are easily destroyed 
blow forest fires. stone projects but slightly above the 
surface the ground soon obscured deposits mud other 
debris. 

With these difficulties developed experience, was endeavored 
substitute mark which would obviate many the foregoing 
defects possible. 

The bench-mark adopted consists sub-surface vitrified tile 
ins. ft., its upper surface marked suitable inscription 
which identifies beyond question. copper bolt projecting slightly 
above the surface the tile leaded into the center. This tile 
placed from ft. below the surface the ground. 

the tile, and concentric with the copper bolt, placed 
wrought-iron pipe ft. long. The lower end the pipe flanged 
flaring prevent its being pulled up; the upper end covered with 
bronze cap fastened with bolt, or, sometimes, riveted. The surface 
the cap also marked with suitable inscriptions, and has center 
projection defining the exact point elevation location. 

This type surface mark has been copied the United States Geo- 
logical Survey, which obtained detailed drawings from the writer, and 
also ordered large quantity from the firm making them for the 
Mississippi River Commission. 
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The practice, with the Commission, place upon the cap the 
survey mark the latitude, longitude and elevation above sea level; 
that any engineer surveyor who wishes use one these marks 
has all the information before him. 

The advantages this mark are, the practical indestructibility 
the tile, its large bearing surface, compared with its weight, 
ready which can profusely marked before burning. The 
pipe serves admirable witness mark, which can used all times, 
unless shows signs disturbance, which case the cap can 
removed and the tile reached through the pipe. 

the earlier work the Commission, the limit error was 
fixed 5mm. which the distance run between bench- 
marks, expressed kilometer units. 

precise level parties 1892, and has been the prescribed limit ever 
since that time. the whole, all the mark lies well within even 
this limit. 

The results this very large experience precise level work show 
that accurate work requires that the time interval between fore and 
back sights should reduced the shortest practicable limit, 
order avoid the effects due changes the instrument, 
changes refraction, rod supports, etc. Hence the trained observ- 
ers this work will hesitate accepting the method 
reversals observing (which serve more than double the ordinary 
time interval) for the purpose eliminating slight discrepancies 
which are already practically eliminated equal back and fore 
sights. 

The author and several who have contributed the discussion 
make frequent mention the leveling done the Engineer Corps, 
but fail mention the work the Mississippi and Missouri River 
Commissions, both which have done large amount high-grade 
work. 

only just say that the Assistant Engineers the Mississippi 
River Commissson were the pioneers the development methods 
precise leveling which are to-day recognized the standard for 
high-grade work. 

These methods, coupled with the improved instruments designed 
the Coast Survey, will doubtless mark another step toward accu- 
racy and economy precise leveling. 

leveling instruments the author objects the French government 
level, Plate account the complicated method reflect- 
ing the light from the ends the level bubble the observer 
means prisms, and account lack delicacy the instrument 
whole. 
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incorrectly states that reversing the level the prisms over Mr. Crandall. 
the level must refocused. There adjustment for focus, and 
the frame carrying the upper prisms simply requires turning 180° 
about vertical axis. This requires more labor than rotating the 
mirror used with the other types, while both ends the bubble are 
seen near together, that they can carefully compared moving 
the eye about in. the left, and looking the same direction 
through the telescope. 

The milled head shown the right the upper prisms Plate 
connected pinion which engages with rack from each 
prism, that the distance between them can changed symmetri- 
cally, with reference the center, for different lengths bubble. 

computing the sensitiveness the level tube the author has 
apparently made mistake and drawn erroneous conclusions. 
Table No. page 824,* gives, the result Reinherz’s experi- 
ments, the mean error centering bubble tube with 9-second 
divisions spaced mm. apart, 0.27 second, and for 2.7-second divi- 
sions, with the same spacing, 0.135-second, one-half much. 
then computes the corresponding rod uncertainties 0.5 
and 0.1 mm., respectively (one being five times the other), and con- 
demns the first being beyond the allowable error closure for the 
distance, and accepts the second being about equal the error 
reading the rod. 

The rod uncertainties, computed from the angles, would be: 


0.27 sin. second 100000 0.13 mm.; 

0.135 sin. second 100 000 0.07 mm.; 
the first double the second, should be, but fairly near the error 
reading, stated above. page 796, however, the error read- 
ing the Kern rod, graduated centimeters, given from 0.2 0.5 
minimum seldom reached the best observers. 

The 8.26-second level divisions the French instrument thus 
not make bad showing. 

claimed Messrs. Claye and support the 
constants adopted for the French instrument, that the small but con- 
tinual changes temperature produce the different parts the 
instrument alternate expansions and contractions which put the bub- 
ble perpetual condition instability, and render its centering 
any instant difficult and uncertain, especially when the radius 
curvature exceeds 

They estimate that the probable error rod reading, due 
uncertainty centering the bubble, 0.1 mm. m., 0.15 mm. 


Proceedings, Am. Soc. E., for September, 1900. 
Encyclopédie des Travaux Publics. Lever des Plans Nivellement. Paris, 1889. 
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magnifying power, they claim that the weight the instru- 
ment increases about the cube the power, and that when the 
power exceeds 30, the weight easily reaches kgr. Moreover, 
the atmospheric vibrations the lower strata, due thermal changes, 
frequently cause much movement the image the rod 
render uncertain the estimates the fractions division; excess 
magnifying power will only increase this difficulty. power 25. 
used, compared with for most the instruments Table No. 
but the object glass nearly large any the list. 

With this power, they claim able read the French rod, 
graduated centimeters, with probable error 0.33 mm. dis- 
tance m., accurately the author states that the Kern rods. 
can read with power 50. 

They also claim that experience has shown that the errors due 
instability temperature, their total effect, are least great as. 
those reading the rod. 

This makes the probable error for sight, 


and for set for mean the two sets readings, 


page 829 the author states that, the commonly accepted 
method determining the inequality collars, the telescope and 


y= 


level are both reversed for the second reading; and that the 


inclination given the bubble, whether the level adjust- 
ment not, will four times the angle between the axis the col- 
lars and the elements the cone enveloping the collars. Fig. 
referred proof the statement, but the figure the level tube 
shown perfect adjustment, e., the zero point the curved 
tube the highest point when the top line the telescope horizon- 
tal. Had the figure been drawn otherwise would not have been 
convincing. fact, difficult see how, when the legs the 
level are kept position the collars the telescope, and all 
reversed, the shape size the upper portions the collars can 
have the slightest effect upon the reading the bubble, the collars 
simply forming extensions the legs the level permanently 
attached them; the 3.5 divisions out level, shown the exam- 


ple page 830, simply indicating that the level with its extended 


legs was one-half that amount out adjustment. 

The ordinary method referred consists taking direct and 
reverse reading the bubble, before and after changing ends with the 
telescope, or, taking all the readings without reversing the level, 
since only the difference inclination for the two positions the 
telescope required. 
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DISCUSSION PRECISE SPIRIT LEVELING. 


The assumptions the shape the collars, the objections Mr. Crandall, 
the method, etc., stated page 830, have been fully discussed 
Mr. Hayford, pages that further mention will made 


them here. The paper, whole, valuable treatise upon the 
subject precise leveling. 
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SOME PECULIAR RAILROAD BRIDGE ACCIDENTS. 
Discussion.* 


Am. Soc. E.—The pin-connected bridges 
described the paper had remarkable experience, and behaved 
certainly much better than their most enthusiastic advocate would 
venture hope. 

curious fact that, while rigid connections are becoming the 
fashion this country, they are abandoning them Germany. The 
Rhein Bridge, Worms, instance where, for the purpose 
avoiding the secondary strains due the loading one track only, 
and the consequent larger deflection one truss, the floor freely 
suspended from the trusses above. The top struts are practically 
hinged, and there are intermediate vibration bracings. The 
stringers have sliding connections the floor beams prevent the 
bending the latter. 

cannot well doubted that the secondary strains, which are 
very large some members, like end suspenders and vertical posts 
with floor beams riveted between, could largely reduced altogether 
avoided such connections. The speaker believes that the move- 
ment against hinges which now vogue this country will 
abandoned after trial and experience the large secondary strains 
caused thereby. 

This discussion the paper Boggs, Assoc. Am. Soc. E., printed 
the Proceedings for November, 1900) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 

Communications this subject received prior February 23d, 1901, will printed 


later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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THE PRACTICAL COLUMN UNDER CENTRAL 
ECCENTRIC LOADS. 


Discussion.* 


Am. Soc. (by letter).—The author’s mr. Frye. 
assumption that deflected column will assume parabolic curve 
when subjected eccentric loading fairly correct and allow- 
able. will be, states, somewhere between curve sines 
and circle, depending the amount eccentricity. 

The writer found, several years 
ago, that for beam loaded with 
parabolic load Fig. 53, 
the bending moments and the 
deflections will nearly 

portional the sines the 
respective angles; the ends the 
beam corresponding 0°, and 


53. 


the center the beam 90°. From this obtained practically 
Euler’s formula, 


Continued from November, 1900, March, 1900, Proceedings for 
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This demonstration follows: 
Let weight the beam; 
weight left section considered; 
maximum intensity load; 
distance from end section considered; 
considered. 
Cc 
The moment any section distant from the end the beam equals: 
Substituting the value (1) and reducing, 


The angle slope the deflected beam any point distant from 


the end 
f Mae 


5 


find the value the constant 


q 


2 


DISCUSSION THE PRACTICAL COLUMN. 


The deflection the beam any point distant from the end 
equals: 


B 3 2 4 


Bet 


Dividing the half span corresponding 90° into six parts 
15° each, and calculating from (3) the bending moments each 
section; calling the bending moment the center the beam unity, 
and likewise, using (5) for defiections; calling the the 
center the beam unity, and comparing these results with the 


curve sines, and the parabolic curve, gives the results shown 
Table No. 


TABLE No. 

15° 80° 45° 60° 


will seen examination Table No. that the bending 
moments and the deflections correspond very nearly with the curve 
sines the theoretical deduction Euler. stated the 
author, the actual curve will depart from the above ideal upon the 
application eccentric load the column, and tend conform 
more closely the circle. calculation, the writer has found that, 
for deflection unity the center, column 480 units 
length, the circle and the parabola are practically coincident. This 
would tend show that, far the curve the column con- 
cerned, the assumption the basis preponderance eccentric 
loading, since the latter, taken abstractly, would curve the column 
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q 


Mr. Frye. the are practically parabola. The assumption, 
therefore, the side safety. 
The bending moment the center section the column—Equa- 
tions (3a) and (2a)—equals: 


The defiection the center section the column—Equations (5a) 
and 


Bly 600 
Substituting this value the general equation and, 
omitting the minus sign, there obtained: 


600 


This proves that parabolic load will produce practi- 
cally the same curvature column direct concentric load 

The paper very valuable presenting such collection tests, 
and closely interpreting the causes failure. 


4 


Vol. XXVII. JANUARY, 1901. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE KINZUA VIADUCT THE ERIE RAILROAD 
COMPANY. 


Discussion.* 


Past-President, Am. Soc. (by letter).— Morison. 


Thestructure which the old Kinzua Viaduct has been replaced, while 
containing much the modern practice detail connections and 
riveting, differs from other viaducts two radical features. The 
first these lies the fact that the tops the two battered posts 
each bent are brought near together, and are rigidly connected, 
that the bent instead being treated isosceles 
triangle. The second peculiarity that all transverse diagonal 
bracing omitted, the posts being stiffened only their own 
unusually large transverse dimensions, assisted the cross-struts 
and the rigidity the connections between those cross-struts and the 
posts. 

The first these features commended. The ideal trestle 
bent would isosceles triangle carrying superstructure 
narrow that the weight all taken single point top. While 
this cannot done, the design the new Kinzua Viaduct approaches 
sufficiently near for practical purposes. With bents such 


discussion (of the paper Grimm, Am. E., printed Proceed- 
ings for November, 1900) prin Proceedings order that the views expressed 
may brought before all members the Society for further discussion. 

Communications this subject received prior February 23d, 1901, will printed 
later Proceedings, and subsequently the whole discussion will published 
Transactions. 
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Mr. Morison. moderate height that intermediate stiffening the posts becomes 


unnecessary, this form construction seems all that can desired. 
There are, however, two very important limitations: The first these 
height, new complications being introduced whenever transverse 
stiffeners are required; and the second that only applicable 
single-track structures, the eccentric loading double-track bridge 
producing irregular conditions the top the structure. 

The second peculiar feature more radical type. the 
usual design each bent becomes cantilever truss, standing vertically 


instead horizontally, anchored, weight otherwise, the 


masonry foundations, resisting horizontal instead vertical load, 
and with its stiffness determined the unit strains the two chords 
and the distance between those chords. the Kinzua design the 
cantilever form retained, but the cantilever, instead resisting 
horizontal forces for its whole length, resists them only the top. 
The struts the intermediate points are simply stiffeners, their only 
function being control the curves flexure the posts. This 
flexure naturally due two causes: The first wind; the second 
the usual perversity all compression members buckling under 
loads, which perversity increases with the length the member. 
Were the transverse struts connected the posts pins, their effect 
stiffeners would comparatively small, the transverse deflec- 
tions the two posts would represented approximately parallel 
curves, the only effect the stiffeners being maintain the paral- 
lelism these curves. Such struts would undoubtedly increase the 
stiffness the posts, considered simply compression members, but 
would add little their ability resist wind. this case, how- 
ever, the struts are rigidly attached the posts, that the angle 
made the strut and the post must always remain constant. This 
introduces new conditions. the struts were absolutely stiff (an 
impossible supposition) the direction the posts their points 
intersection would always remain unchanged, but the posts the 
lower part each panel would bend from the wind curve whose 
center the leeward side, recovering their direction the upper 
part each panel curve whose center the windward side. 
moderate amount takes place also the transverse 
struts, the actual bending the lower part the panel exceeds the 
recovery the upper part the panel. The result, either sup- 
position, series cumulative The top the lowest 
panel deflected amount determined the wind pressure and 
the stiffness the posts. The second panel has its own similar deflec- 
tion, but, the base the second panel the top the lower panel, 
the deflection the top the second panel the sum the two 
defiections; and the top the tower. The principle 
which this structure appears have been designed that these 
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various bendings the posts shall produce strains beyond safe Mr. Morison. 
limits the extreme fibers those posts. involves calculations 

complicated and abstruse character, but possible design 

structure this way which perfectly secure. 

The frames many tall office buildings have been designed this 
principle, though many instances the calculations have been the 
most crude and careless kind. The portal through bridge 
really construction the same order. This principle, however, has 
generally been used only those places where there were serious 
objections transverse diagonal bracing. The general practice indi- 
cates that there are good reasons why engineers have always preferred 
diagonal bracing when there were opportunities for putting in. 
These reasons are two kinds: First, with diagonal bracing and 

base sufficient width prevent tension anchorages, never 

any reversal strains the posts, and, furthermore, the strains 

caused wind alone when distributed over the whole cross-section 

the post produce very small unit stresses and very slight changes 

lengths posts. the present design reversals strains are likely 

occur the extreme fibers almost every part each post, and 

these involve appreciable change the form the post. The 

second reason that the stiffness beam truss direct pro- 

portion its depth, and, with the opportunity giving trestle bent 

stiffaess based the whole width its base, does not seem right 
accept stiffness based only the width the post. 

Bridge specifications, many which are drawn with great care, 
generally have the defect specifying strength and not providing for 
stiffness. Under such specifications two structures can accepted 

equally good, though, under load, one them will havetwice the 
distortion that the other will have. For immediate safety, strength 
all that needed; for long life structure, stiffness least equally 
important. This objection may raised some special forms 
trusses, favored because their economy material, which much 
greater variations occur the strains individual members than 
differently designed trusses containing little more metal. com- 
pared with viaduct the usual design, everything would seem 
indicate that the transverse defiections under strain, and even the dis- 
tortion the posts under compression, would large the new 
Kinzua Viaduct. this so, not probable that this design will 
repeated. The objection diagonal rods the panels such 
viaduct, with piu and turn-buckle connections, perhaps more theo- 
retical than real, and, astructure with the rigid and excellent details 
the one described, they certainly could harm. would 
interesting thing put such rods one the tall towers this 
viaduct, and then compare the stiffness this tower and the adjoining 
tower whenever extraordinary storm passes through the valley. 
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Am. Soc. E.—The Kinzua Viaduct one the 
best known and most unique railroad bridges America, and its 
reconstruction will doubtless command general attention, both home 
and abroad. This paper and the articles appearing the leading engi- 
neering journals, while not furnishing data adequate form conclu- 
sive verdict the merits demerits the design, furnish 
sufficient ground for discussion certain its salient features. 
quite possible that more thorough treatment the subject those 
fully acquainted with the design may disarm some the following 
adverse criticisms; but the writer believes that the showing which 
compelled base his discussion fully justifies its character. 

The author does not, the writer’s opinion, furnish such full 
explanation his methods calculation, nor many details, the 
radical character the design demands. 

The paper leaves much the ingenuity and imagination the 
reader that difficult reach full understanding his 
deductions find full justification for the design. 
The calculations are involved, and appear contradictory. The 
reader subjected much unnecessary trouble the absence 
clear statement the meaning terms the equations, limits 
integration, and the steps which the several expressions pages 
1080 and 1081* are reached. 

The writer has been unable, despite persistent effort and some able 
outside assistance, follow the calculations finish, but some 
points stand out measure independent the statement the 
general scheme, and can judged correct otherwise. 

page 1075 appears the statement: 

problem can also stated consist finding the locations 


the points contraflexure, because, these locations were known, 


This refers the analytical treatment, but, beyond this statement, 
there nothing discernable the text, table equations stress 
diagrams, indicate that any effort has been made the author 
find the true points contraflexure place them anywhere else 
than arbitrarily the centers the members. 

Referring the graphical treatment the stress diagram, page 
1079, the note: computation wind stresses assumes the 
point contraflexure the middle the column sections, portals and 

These two quoted statements conflict, and should further 
explained, for, until they are, there logical sequence what 
follows. quite possible that the points are not 
very far from the centers the members all cases except the 
case the bottom sections the columns. Here, the assumption 
materially erroneous, and the effect the moments very considerable. 
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this case, the author not only assumes the column abso- Mr. Buck. 
lutely fixed its foot, but also apparently ignores the bottom strut 
resisting bending this point. Asa matter fact, the fixity the 
column its foot almost entirely dependent upon this strut. 

The only other features that tend fix are the two 1}-in. 
anchor bolts very near the center the base, and the direct pressure 
the column acting its square end. 

The anchor bolts, intended resist only 000 lbs. direct tension, 
can but little resist bending the column. With rollers under 
the leeward column and with direct pressure removed up-lift 
the windward column, due the assumed wind load the unloaded 
structure, the fixity the columns due direct weight very un- 
certain. 

the opinion the writer, the conditions not justify the 
assumption more fixity the bottom the columns than that 
furnished the bottom strut. The correct location the point 
the bottom section not far above the foot the 
column, instead the center. The result this greatly 
increase the bending the level Strut over what shown the 

author’s results, and also increase the up-lift the windward 
column enough make exceed the dead-load stress, with the 
assumed wind load the unloaded structure. 
The writer would like know the author means, the closing 
paragraph his paper, that the moments inertia group 
members were doubled would not materially increase the stiffness 
the bent? Also, how many members considers ‘‘a 
The failure the author give the essential details connec- 
tions bearing the peculiar features this design renders neces- 
sary, order even approach adequate understanding the 
subject, have recourse the articles the same subject the 


technical journals.* These articles appear based data from 
authentic source, and bear the stamp official sanction. 
therefore deemed proper refer these articles for information 
essential adequate discussion the subject, but lacking the 
paper. hoped that the author will furnish all these details, 
order render the paper complete within itself and correct any 
error which may arise from having outside the paper for 
information. 
Assuming that the author’s methods calculation are reasonably 
approximate— which does not seem warranted until they are rendered 
logical and free from obscurity—there are still, the opinion the 
writer, faults the design. believes mistake reject the 
time-honored diagonal bracing structure such proportions and 
substitute form bracing which, even when most carefully and 


Railroad Gazette, Nov. 30, 1900, and The Engineering Record, Dec. 1900. 
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Mr. Buck. generously detailed, could hardly made both sure and economical. 
all bridges, outside suspension bridge, rigidity one the 
prime objects attained, and especially the case railroad 
bridges. Substituting for direct stresses bending members, being 
themselves certainly not possessed high degree rigidity, 
depriving the concrete structure rigidity extent that seems 
questionable. 

The height this viaduct, its highest point, 285 ft. from 
masonry base rail. Each tower independent, and can receive 
its maximum wind stress with wind over only about 150 ft. longi- 
tudinally the structure. Within this narrow limit wind strikes 
gusts and with considerable impact. tower high, where 
the wind pressure applied the top when loaded, and 34% when 
unloaded, where the dead load not sufficient prevent up-lift 
the windward column with assumed wind the unloaded structure, 
the dynamic effect vibration consideration that should pro- 
vided for. design this kind, the amount lateral deflection 
the towers under wind load should carefully ascertained, and, 
although the writer has made calculation for this purpose, deems 
safe venture the statement that much greater this design 
than the case where the ordinary form bracing used. 

would matter great interest know, from transit 
tions, just what the present structure deflects laterally under high 
wind. 

The detailing the lateral strut connections with the columns 
seems the writer hardly keeping with the heroic and uncertain 
service they have perform. The use clip angles reinforce the 
attachment the strut chords the columns, applied 
almost wholly ineffectual, not warranted what appears the 
only consideration for doing, namely, the saving some weight 
the gusset plates these points. 

The light character the knee braces, and their method attach- 
ment the struts, seems indicate that their function ornamental 
rather than useful; yet, with sufficient metal and adequate attach- 
ment the columns and struts, they could made add very ma- 
terially the strength and rigidity the structure. 

study these details goes far explain the material saving 
weight with which the author credits this .design, for they bear evi- 
dence scaling down the metal extent that can hardly gen- 
erally endorsed. 

There another feature this design which, independent the 
character the lateral bracing, seems lack due strength, namely, 
the anchor bolts which, having served the old structure, now 
serve the new. old structure understood that there were 
rollers under either column, temperature movements being taken 
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slotting transversely the anchor bolt holes the column Mr. 
shoes, thus permitting the shoes slide top the piers. The 
bottom strut was probably bolted fast the center pier. With the 
bridge unloaded there was wind pressure about 000 lbs. each 
tower, 500 lbs. each bent, under the assumed wind loads 
the unloaded structure. resist this shear the top the piers, 
there being up-lift the windward column, there was friction under 
the leeward shoe, the attachment the top the center pier and the 
shear probably one pair anchor bolts the column piers. These 
connections, though somewhat uncertain because the slotted holes, 
were doubtless adequate, especially the friction under the leeward 
shoe alone was perhaps equal the wind shear. 

the case the new structure, the service demanded these 
anchor bolts much more severe. The shear 600 lbs. the 
bent, times that the old bridge. are placed under the 
column leeward the prevailing heavy gales, and there therefore 
practically frictional resistance the foot this column, and, the 
anchor bolt holes being slotted ins. this shoe, the bolts can take 
shear from the shoe under normal conditions. also reasonable 
assume that the anchor bolt holes the bottom strut the center 
pier were slotted. With the assumed wind load the unloaded 
structure there is, before stated, up-lift the windward column. 
Therefore, with practically friction under the shoe this column 
the whole 600 lbs. the wind shear has taken the two 
anchor bolts the windward pier. This seems more than 
should exacted such bolts, and difficult understand how 
the use the old bolts, without reinforcement, could justified 
where the wind shear was greatly increased and the means 
resisting materially reduced. short, the factor safety 
the anchorage bents piers reduced least times, and, 


addition, the specific amount friction lost under the leeward 
shoe. 


The writer fails see where any advantage gained placing 
the rollers the side away from the direction prevailing heavy 
winds, the capacity the towers resist the shear due such 
winds thereby greatly reduced. 

The bolts the movable shoe should just capable resist- 
ing direct tension from up-lift those the fixed shoe, and there 


would loss friction, but, fact, gain, when the fixed shoe 
leeward. 


Assoc. Am. Soc. E.—This paper offers Mr. Moisseiff 


many novel features and distinct departures from the usual design 
high viaducts the best modern American practice that the discus- 


sion its merits defects should prove considerable interest 
the profession. 
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While designed according the rather conservative specifications 
the Erie Railroad Company, the design the high towers denotes 
departure from the type used heretofore, omitting the 
sway diagonals. The bending moments caused the assumed wind 
loads are intended resisted the increased stiffness the 
columns and horizontal struts which are strengthened brackets. 
Not that this method providing for wind stresses entirely 
unknown untried; has been used very frequently, and with some 
reluctance, for sway bracing through bridges, for wind bracing 
high steel-skeleton structures, and all portals. But, all 
cases where sway diagonals have been omitted, this omission has 
been due lack head room due wall space taken 
windows and doors, and was thus made compulsory the necessities 
the case. 

seems much almost axiom good structural design 
never resist bending stresses what can done well direct. 
axial stress, that the application the portal bracing” principle 
high viaduct, subject high wind pressures and having limita- 
tions head room, surprising. 

Every engineer who has had design trusses and frames great 
magnitude, and containing long members which require bracing and 
intermediate supports, knows the great amount material required 
these secondary members and how rapidly the percentage mate- 
rial required attain the practical design the truss increases 
comparison with the stress volume. Every attempt reduce the cost 
these secondary members step the right direction; but 
seems doubtful whether the saving material claimed the author 
for his design has been obtained without impairing the efficiency 
the structure resist lateral forces and vibrations, especially the 
latter. 

While comparison the tower bracing designed with the 
usual diagonal bracing high trestles and towers with stiff members 
will certainly show saving weight for the portal-braced type, 
comparison their relative stiffness will greatly favor 
the one with diagonal braces. high trestle bent the type 
used the author certainly not stiffer than the old tie-rod 
braced bent. order get fair comparison between the portal- 
braced system and the system with diagonals, the former should 
compared with bent braced tie rods. The writer believes 
that the claimed economy will then soon vanish. The bending 
moments induced wind pressures may provided for the stiff 
and deep struts just well rigid diagonals, but the vibra- 
tions caused them will considerably higher than diagonally 
braced towers. The tower will, fact, have some similarity 
tuning fork. 


| 
| 
4 
| 

| 


DISCUSSION THE KINZUA VIADUCT. 


The author deserves credit for the application modern methods Mr. Moisseiff. 
the analysis the stresses. The principle least work used 
him handy and convenient tool for the determination stresses 
frames, and especially for the study new types trusses. The 
value the author’s analytic treatment would greatly enhanced 
the notation used and the processes gone through were stated more 
explicitly and carefully. 

his analysis the author assumes each frame fixed rigidly 
the bottom. This assumption erroneous. The two old wrought- 
iron bolts, ins. diameter and some ins. apart, are not suffi- 
cient insure the necessary degree fixedness the columns. 
Besides, the high bents have one leg roller bearings, which cer- 
tainly not very conducive the rigidity the lower column end. 
But this assumption fixed ends for the lower ends the columns 
vital and extremely important factor the author’s theory. These 
ends are only far fixed the bottom horizontal struts provide 
for, and not much more. 

Instead considering for one-story bent, the author does, the 
upper horizontal beam only, the correct way would take also the 
lower horizontal strut into account, and include its work deforma- 
tion the general formula. The same idea should followed 
through for all bents, always including the bottom horizontal strut 
essential member. 

For single-story bent the problem quite simple. view 
the general application this case for sway bracing and 
portals bridges, simple formula find the points contra- 
flexure the columns will given here which does not necessi- 


tate its use the application the higher calculus, and rather 
handy. 


Professor Winkler* deduces the same formula, and the following 
simplified deduction thereof the principle least work, used 
Mr. Grimm. 

The work done any beam subject bending, assuming its 
new position equilibrium, given 


the modulus elasticity, and the moment inertia 
the beam flexure. the beam fixed both 


ends, Fig. 10, and length then the moment 


Querkonstructionen der Eisernen 


neglecting the work done the axial force. here 
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order find the work done the beam attaining its new 
equilibrium, substitute this value the foregoing work formula: 


This holds true for any beam fixed both ends the moments 
M,. This being given, the one-story bent can now treated. 

Fig represents frame height and 
horizontal struts with fixed joints subject the 
Let 0-0 denote the line contraflexure, and 
and the distances from the points contra- 
the upper and lower struts, respect- 
ively. The total amount deformation work 


caused consists the sum the work done its four 
individual members. 


where Jis the moment inertia the columns the upper strut, 


and the lower strut. For equilibrium, the work done will 
minimum. 


The moments are: 
Differentiating partially with respect the independent variable: 
and constants, divide out, and get: 
the values set the moments: 


Fig. 11. 


whence, 
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This formula gives the position the point contraflexure, and Mr. 


with the moments the four joints are readily found. will 
noted that the position the points independent 
the external force, and that only function the moments 
inertia the members and their lengths. This might have been 
expected so. 
For all the members the same moment inertia, and for the 
The point contraflexure the middle the column. Thus 
find that the assumption that the point contraflexure half 
the height the columns true only for arectangle with sides hav- 
ing the same moment inertia. 

Applying the above contraflexure formula the one-story bent 
taken the author, the point will almost 21.36 ft. 
From the general equation moments, given the author, 

Whence 


h, = 


foot-tons. 
37.6 foot-tons. 


comparison the author’s figures shows the effect his assump- 
tion fixed ends. The point contraflexure will naturally 
farthest from the stiffer joint, and actually moves down and thereby 
increases the moment top some per cent. course, the 
lower bents, designed the author, are massive that they offer 
more than ample resistance any increased moments. But this 
due the allowed low working stress. 

The lower horizontal strut only ins. deep, and its moment 
inertia less than one-twentieth that the upper ft. deep 
strut. The point contraflexure will, course, move nearer the 
lower end, and, making all due allowance for the stiffening effect 
the brackets, will found 0.87 the height the lower 
story from the 8-ft. strut, 52.7 ft. The sum all the X-forces 
above the point contraflexure, which but the transferred wind 
load, will 52.5 tons, and the maximum moment the column will 
192.5 foot-tons, instead 108.54 foot-tons given the author, 
some 78% higher. The extreme fiber stress due this moment 
the columns 000 lbs. per square inch. 

Taking the stresses found the author for dead, live, and wind 
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load and omitting the traction stresses, and adding them the 
extreme fiber stress due bending, the greatest stress will reach 
500 Ibs. per square inch. This exceeds 11% the maximum stress 
14.000 lbs. given the author. Including traction, the stress will 
000 Ibs. 

would appear from the paper that the lower bents are simply 
cut-off upper portions the high bent, that, for instance, the 
four-story bent the 8-ft. horizontal strut forms the lowest member. 
this so, and the author appreciated the great stiffening effect 
the lower strut, why did not put one deep deeper the 
five-story bent, instead the comparatively flimsy 30-in. strut 
And deemed the bottom horizontal struts importance, 
results from his theory, then why did not replace these deep 
bottom struts the light ones used the highest bent, and save 
material thereby 
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FENERS PLATE GIRDERS. 


Discussion.* 


Messrs. Bernt and SKINNER. 


Bernt Bercer, Assoc. Am. Soc, E.—This paper valuable Mr. Berger. 
exposition graphical method finding the exact spacing rivets 
flanges plate girders under assumed loads and stresses. well 
worth careful study gives insight into the variations 
values and conditions forces and stresses. The speaker has great 
faith and confidence graphic statics, and uses that method quite 
extensively, but must differ with the author the question the 
applicability the graphical method the ordinary, every-day work 
designing plate girders. The graphical method can times 
used advantage computations railroad bridges for engine 
diagrams; but, for most such cases, and especially for plate girders, 
the speaker has found, his own work, that the analytical method, 
applied with the aid the well-known moment diagrams, much 
shorter and easier, especially when slide rule also used. For 
plate-girder bridges, the present case, is, course, necessary 
find the end shear the first place, and the shear very few inter- 
mediate points besides. For practical reasons, the rivet spacing 
the flanges constant for certain distances, and for shorter plate 
girders, therefore, all that needed the end shear and the shear 


*Continued from December, 1900, Proceedings. See November, 1900, Proceedings, 
for paper this subject Schmitt, Assoc. Am. Soc. 
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the quarter point. The 6-in. limit rivet pitch will cover the shear 
the middle half, especially when the rule about closer pitch the 
flange which carries the track also taken into account. For longer 
girders, 100 ft., the shear should found more 
points; but, with the aid moment diagram, this readily and 
quickly done, more so, the speaker has always found, than any 
graphical method. 

The thickness the web determined the required section 
metal for shear and the necessary number rivets. Shallow girders 
must have thicker web, deep girders may have web. Each 
end stiffener must able take all the end shear compression, 
but not necessarily column length equal tothe depth the 
girder, the web through the rivets distributes the shear over the 
end stiffener through its whole depth. The intermediate stiffeners 
cannot, according the speaker’s views, act columns for the dis- 
tribution the shear over the web, most that shear already 
the web; but they can act under concentrated loads, which are 
only part the shear, when engine loading for railroad bridges 
considered. Thus, for girders which carry the track direct one 
the other the flanges, the service which such intermediate stiffeners 
perform, consists then principally holding the web position— 
preventing from buckling. But where, for instance, the stringers 
bridge rest top the floor beams, the stiffeners the 
beam web must course serve distribute the concentrated load 
over the web the floor beam, and must have sufficient area for 
compression. 

the axiom laid down the author the beginning the 
paper, the speaker begs say that, generally speaking, thinks for- 
mulas little worth the effort remembering. The thorough under- 
standing principles and methods, and their application, far 
greater importance, and this end the paper great help. 


Am. Soc. E.—A particularly interesting, and 
perhaps extreme, case the application the web stiffener system 
plate girder, and one which the speaker believes not widely 
known, came under his observation recently. 

Cincinnati, Ohio, there plate-girder span 213 ft.—the 
longest this kind which the speaker has ever heard. The bridge 
formed two main girders, each ft. deep, which carry 30-ft. 
roadway and two 10-ft. sidewalks. The the web could 
not ascertained, but not more than in., and, possibly, not 
more than in. The structure has been use more than thirty 
years, and the iron badly corroded. The bottom chord made 
with two small angles and several 42-in. horizontal flange plates. 
The top-chord three-web box section ins. wide. The web 
divided into panels about ft., and each panel there are two 
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transverse stiffener plates, each ins. wide, and each formed with Mr. Skinner. 
flange angle all around. 
Calculations may possible how much that web, ft. high 
and in. thick, would have stood without the stiffeners, and also 
how much would stand with the stiffeners. 
One peculiar feature was the way which each panel the web 


was built five pieces, ft. high, butt jointed, and spliced with 
two cover plates. 
Another peculiar feature the bridge was the extreme generosity 
the bearings the abutments, each which consisted two very 
thick cast-iron plates about ft. long; the upper one sliding between 
longitudinal flanges the edges the lower plate. 

After many years’ service, two intermediate steel trestle bents, 
each about ft. from the center the span, were put reduce 
the vibrations. 

The whole construction curiosity, not monstrosity, but 
still active service, and remarkable for its dimensions. 
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THE SOCIETY. 


FORTY-EIGHTH ANNUAL MEETING.* 


January 16th, meeting was called order 10.20 
President John Wallace the chair; Charles Warren Hunt, Secre- 
tary; and present, also, 255 members and guests. 

Messrs. Fuller, Oscar Erlandsen and Oscar Lowinson 
were appointed tellers canvass the Ballots for Officers for the 
ensuing year. 

motion, the reading the minutes the meeting January 
2d, 1901, was dispensed with. 

The Annual Report} the Board Direction for the year ending 


this number Proceedings. 


+See pages 14, January, 1901, Proceedings, for the Annual Reports the Board 
Direction, the Secretary and the Treasurer. 
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31st, 1900, and the Annual Reports the Treasurer and 
the Secretary were presented, and, motion, duly seconded, accepted. 
The Secretary reported that, accordance with the reeommenda- 
tions the Committee Prizes, the Board Direction has awarded 
the prizes for the year ending with July, 1900, follows: 
The Norman Medal James Seddon, Am. Soc. E., for 
Paper No. 871, entitled River Hydraulics.” 
The Thomas Fitch Rowland Prize Allen Hazen, Am. Soc. 
E., for Paper No. 872, entitled ‘‘The Albany Water Filtration 
The Collingwood Prize for Juniers Robert Woods, Jun. Am. 
Soc. (now Assoc. Am. E.), for Paper No. 853, entitled 
Street Grades and Cross-Sections Asphalt and 
The consideration the following proposed amendment the 
Constitution was then taken up: 
Amend Section Article adding the following: 
Board Direction may transfer any Junior elected prior 
March 4th, 1891, the grade Associate.” 
This amendment was proposed Messrs. George Morison, 
Whinery, Joseph Knap, John Bogart and Schneider. 
The amendment was not amended. 
The following were appointed members the Nominating Com- 


mittee for two years: 


Tra Representing District No. 


The Secretary read letter from Kennard Thomson, Am. Soc. 
E., inviting members inspect the work the pneumatic founda- 
tions for the Mutual Life Building. 

George Swain, Am. Soc. E., Chairman the Committee 
the Proper Manipulation Tests Cement, presented progress 
report, and suggested that the Committee had lost one its mem- 
bers resignation, might well increase the number mem- 
bers that Committee. 

motion, duly seconded, the Committee was empowered 
increase its number desires. 

The Secretary announced additional details the programme 
the various excursions, etc. 

The presented the the tellers appointed 
canvass the Ballot for Officers for the ensuing year. 


This report printed page Proceedings. The minutes the meeting 


a 
7 
el 


The President announced the election the following officers: 


President, serve one 


James New York City. 


Vice-Presidents, serve two years: 


New York City. 


Treasurer, serve one year: 


Knap, New York City. 


Directors, serve three years: 
District No. New York City. 
District No. Boston, Mass. 
District No. Carter, Chicago, 
District No. Cleveland, Ohio. 


Mr. Croes, President for 1901, was introduced Mr. Wallace, and 
took the chair. 


Adjourned. 


February 6th, 1901.—The meeting was called order 8.50 
President James Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, members and guests. 

The minutes the meeting January 2d, ard the Annual Meet- 
ing January 16th, 1901, were read the Secretary, and approved. 

paper Charles Crandall, Am. Soc. E., entitled, The 
Adjustment Transit Survey Compared with that Compass 
Survey,” was presented the Secretary, who also read communica- 
tion the subject from Mr. George Tuttle. 

The paper was discussed orally Messrs. Fuertes, 
Luster, Jr., and Lee. 


Ballots were canvassed, and the following candidates were declared 
elected: 


Virginia City, Mont. 

Guppy, Portland, Me. 

New York City. 

ALEXANDER Bowling Green, Ky. 

Cyrus Brisbane, Queensland. 
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MEMBERS. 


Santo Domingo Mines, Peru. 
Prince Shawenegan Falls, Que. 
New York City. 


The Secretary announced that the following candidates were elected 
the Board Direction February 5th, 1901: 


GEORGE TENNEY, Spartanburg, 


JUNIORS. 


New York City. 
CHARLES HERBERT New York City. 


The Secretary announced that the meeting the Board 
Direction, February 5th, 1901, the ballot the reconsideration 
James WELLS was canvassed, and that Mr. Wells was declared 
elected member. 

The Secretary announced the acceptance the following resigna- 
tions: 


elected Member, September Ist, 1886. 
Jay elected Associate Member, May 
4th, 1892. 


GRANT PENFIELD, elected Junior, March 3d, 1896. 


Adjourned. 


February 1901.—The meeting was called order 8.35 
President James Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, members and guests. 

paper, entitled The Construction Gravity Sand Filters 
Nyack, Y.,” Houston, Assoc. Am. Soc. E., was 
presented the Secretary, who also read communication the 
subject from James Haring, Am. 

written discussion the paper James Fuertes, Am. 
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Soc. E., was presented Skinner, Am. Soc. E., and 
the subject was discussed further Messrs. Buck, Gustave 
Kauffman, James Owen, Knowles and MacGregor. 

The Secretary announced the following deaths: 

Levis PassMoRE PENNYPACKER; elected Associate Member April 
1891; died January 30th, 1901. elected 
Member May 2d, 1888; died February 15th, 1901. 


Adjourned. 


THE BOARD DIRECTION. 


January 16th, 1901.—3 Croes the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Briggs, Hering, 
Knap, O’Rourke, Osborn, Ricketts, Seaman, Swain, Turner, Wallace 
and Whinery. 

The President was authorized appoint and announce later the 
Standing Committees. 

the recommendation the Finance Committee, the payment 
five thousand dollars ($5 000) the principal the mortgage debt 
was authorized. 


letter-ballot was ordered for the election Secretary for the 
ensuing year. 


Adjourned meet February 5th, 1901. 


February 5th, 1901.—8.40 m.—President Croes the chair; 
Chas. Warren Hunt, Secretary; and present, also, Messrs. Briggs, 
Hering, Knap, Noble, O’Rourke, Ricketts, Seaman, Swain, Turner and 
Whinery. 

The appointment the following Standing Committees was 
reported: 


Ballots the matter the election Secretary were canvassed, 
with the following result: That twenty-six ballots all were received, 
all favor Charles Warren Hunt for Secretary. 


The President declared Charles Warren Hunt elected Secretary 
the Society. 
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The matter members arrears for dues was considered and 
action taken. 

The matter the presentation papers abstract and the secur- 
ing such abstracts authors was considered, and authority 
given the Committee Publications take action regard 
abstracts papers may deem advisable. 

Ballots the reconsideration the vote which James Hollis 
Wells was rejected were canvassed, and Mr. Wells was elected 
Member the Society. 

Resignations were received and accepted from one Member, one 
Associate Member and one Junior. 

was decided that hereafter the Library the Society shall not 
opened July 4th, Thanksgiving Day, and Christmas Day. 

Applications were considered and other routine business trans- 
acted. 

One candidate for Associate and four for Junior were elected. 


Adjourned. 
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REPORT FULL THE FORTY-EIGHTH ANNUAL 

MEETING, JANUARY 16th and 17th, 

Wednesday, January 16th, 1901.—The meeting was called order Meeting called 

10.20 John Wallace, President, the chair; Charles 

Warren Hunt, Secretary. 

lis The will you please come forward and 

take front seats? The first thing order the reading the minutes 
the meeting January 2d, 1901. The minutes that meeting, 

accordance with custom, will printed the January Proceedings, 
and will come due course for action the meeting February 

6th, 1901. view this fact, the reading those minutes will 

dispensed with, provided there objection. 


Next order the appointment Tellers canvass the vote for 
officers for the ensuing year. will appoint Mr. William Fuller, 
Mr. Erlandsen and Mr. Oscar Lowinson. These gentlemen will 
find the ballots the other room, and the clerical force will assist 
them the count, which will once, although the ballot does 
not close until twelve o’clock, noon. 

Any ballots that come between now and twelve o’clock will 
counted before the final result announced. 

The next thing order the report the Board Direction. 

The Secretary will read it. 

The Secretary read the report the Board Direction.* 

The would like ask the indulgence the Society the 
make remarks relation this report before asking you 
what you Onething that most forcibly 
during the last year regard admissions into the Society, and 
the elements that enter into the question the rejection appli- 
should, course, guard the portal our organization 
with the utmost care, and see that none but those who are worthy 
should enter. the other hand, should avoid any action 
organization, individual members the Society, which unneces- 
sarily keeps out men who are worthy. The Membership Committee 
and the Board Direction give most careful scrutiny every 
applicant whose name appears the Blue List before the ballot 
sent out. the duty every member inform the Board 
there any reason why any candidate not worthy mem- 
bership. The character the negative votes that come times 
very peculiar. great many times men are voted against quite 
number members, and when the notice proposed reconsideration 
the ballot sent out, these men come forward and state their 
reasons for sovoting. Would you ask any stronger proof that those 


See Proceedings, Vol. xxvii, (January, 1901). 
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cases the negative votes have been made personal grounds, personal 
prejudice, have been ill-considered? the West, among great 
many engineers with whom acquainted, some them men that 
have had years experience, are fully qualified, and would make 
desirable members, have frequently, calling their attention the 
fact that they should connect themselves with our Society, been met 
with the response that their record was long and that they did not pro- 
pose subject themselves the chance being black-balled men 
who had worked for them and had left their service; men from whom 
they had differed radically opinion, and men from whom they might 
expect action that sort. never permit our Society take 
such action would make hard for engineer with record, and 
who thoroughly qualified, admitted. Among the peculiar 
features some the ballots that have lately received, will 
mention one particular. There was quite number names the 
ballot, and the record each the first five six names that list 
occupied about space. the foot the list was man 


-whose record occupied ins. One member voted against 


every one the applicants with the short records, and favor the 
one with the long record. looked very much this individual 
member had sized the records the applicants the inch. And 
many our members act relation this question balloting. 
Now such things are beneath the dignity our profession and 
beneath the dignity this Society. have not spoken you 
strongly this subject; but has been one the things that has 
attracted attention the meetings the Board Direction 
more than any one thing. 

What action will the Society take this report? 

order make any remarks the line which you have indicated, 
would say 

The The first thing order would motion 
accept the report. 

Mr. beg your pardon. 

Rosert Vice-President, Am. Soc. E.—I move that 
the report accepted. 

The moved and seconded that the 
accepted. Any remarks? Now will hear you. 

Mr. heartily agree with the view which our President 
has announced, and think with him that every one who casts nega- 
tive vote should prepared state distinctly over his signature what 
his reasons are. have myself cast two negative ballots since have 
been member the Society; one negative ballot after inspection 
the Blue List, and one negative ballot reconsideration ballot. 
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They were both cast for the simple reason that the printed record 
the Blue List did not come the constitutional requirements 
membership. Counting the dates, the time was not fulfilled; and 
counting the record, that was not fulfilled. Those were the only 
two reasons, and can imagine other reason why negative ballot 
should cast against proposed member except those reasons, and 
personal reasons—that say. something against the personal char- 
acter the applicant an.engineer and gentleman. have been 
surprised see. dare say number our members have been, the 
great number reconsideration ballots, and view the fact that 
the constitutional requirements for membership are explicit and 
capable practical application, cannot imagine why such large 
number reconsideration ballots come up, why many negative 
votes are cast; except be, the Chairman has said, for personal 
reasons from the fact which influenced own decision. 
have entirely misinterpreted the plain language the Constitution, 
have repeatedly had applicants received and admitted the 
Society whose records did not fulfill the constitutional requirements 
membership the class which they were elected. 

The Presipent.—Gentlemen, addressing the Chair, will please 
follow our usual custom giving their names when they rise. 

Foster Am. Soc. E.—Mr. President, this 
matter that goes very much further than the effect candidate, no, 
matter how mischievous that effect candidate may be. affects 
the stability, the importance the Society coming years. The 
Society now large that the present method electing ballot 
longer useful. used be, when the membership was smaller 
and when the candidates who came were more known 
the membership than the case present. seems that there 
only one remedy for this condition which the President has 
described, and that constitutional amendment putting the election 
candidates the hands the Board after the same opportunities 
for acquiring information regard them now prevails have been 
given the members the Society. 

Director, Am. Soc. our President has 
indicated, the Board Direction the Society has given this ques- 
tion good deal consideration. may say that went far 
appoint committee consider the whole subject and report 
the Board. has been said, not very easy question deal 
with. believe that upon very careful consideration all the con- 
ditions, most members will come the conclusion that desirable 
retain, least, under the present constitutional form electing 
members, that clause which allows small number negative votes 
reject. perfectly conceivable that there may instances—in 
fact know one myself the history the Society, where man 
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who had been guilty unworthy acts, known only subordinate, 
was applicant for membership this Society. That subordinate 
wasa member. His bread and butter depended upon his position. 
could not very well publicly—he could not take the risk, even 
confidential letter the Board Direction—to point out why his 
superior was unfit member the Society. There was only one 
thing left for him under those circumstances, and that was 
take advantage the clause the Constitution which allows small 
number negative votes reject. Now there may other 
change the Constitution Mr. Crowell points out shall made, 
desirable retain this provision the Constitution allowing small 
number votes reject. But the same time, our President has 
pointed out—and not wish over the same are 
not many engineers who have attained some degree eminence 
the profession, who have had large amount experience, who are 
men positive character, such men wish become members 
the Society, who have not been unfortunate some time their 
professional life make some enemies; and, unfortunately, those 
enemies are not always guided the highest sense honor when 
comes balloting for the admission members. think mem- 
bers before casting negative ballot would consider the subject very 
thoroughly, that the basis, not only personal-honor, but profes- 
sional honor, they would never allow merely personal motives, hatred 


professional difference, govern their action casting ballots for 


membership, and think that that the point which desirable 
insist on—that man who worthy member the American 
Society Civil Engineers, who gentleman and honorable mem- 
ber the profession, can cast ballot against another honorable 
member the profession simply for personal reasons. think that 
point view has impressed. The method present provided 
for excluding unworthy members ample, our President has pointed 
out, and the Board, has also said, has been exceedingly careful 
not admit members against whom there any valid charge any 
valid ground for rejecting. may interesting the Society 
large know that some application for membership has been 
held for more than year because comparatively trivial charge 
one member the Society, until that charge could very thor- 
oughly investigated and either substantiated disproved. think, 
the Board stands now—if you will pardon for saying so—and 
has been for many years, members the Society are perfectly safe 
confiding any reasons that character they may have tothe Board, 


and think they are further perfectly safe counting that the 


will deal the most careful manner, will give the fullest consideration 
any communication that kind, and think the matter pres- 
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ented that way members will find very few unworthy people are 
admitted the Society. course, the Board Direction does not 
know, perhaps, one out hundred these applicants. They must 
depend upon the information they obtain from the membership large 
order act intelligently upon the applications. 

Mr. reinforce the remarks our President 
and our friend Whinery—if the members the Society knew the 
care that taken the Board Direction the examination 
candidates, they would feel well that the subject might 
left the Board. never have cast negative ballot. man 
proves his record, far published, qualified and also 
endorsed worthy members the Society, vote for him. But, 
the President justly says, this pink ballot business comes back pretty 
often now. The only thing could suggest that, when these nega- 
tive votes come in, the Board Direction demand those casting 
the negative votes know the reason why. music. Come 
out and say what you have got say. one remedy that the 
Board Direction can enforce. the President has justly said, 
when comes the pink ballot, those that voted negatively the 
first application not come forward with anything, but let 
default. The vote good deal like anonymous letter, which 
man but coward will ever write. think you may well leave 
the hands the Board Direction. you had been the Board 
Direction and knew the think you would say that whoever 
the Board Direction passes worthy our Society. This based 
upon good many years’ connection with the Society. course, our 
Society has grown beyond what anybody ever dreamed would be. 
the same time, have safeguard the fact that the Board 
Direction can demand the reasons why you voted no. 

The there any further remarks, gentlemen, this 
question? 

CoHEN, Past-President, Am. Soc. E.—Mr. President, 
would like say word the subject. matter which have 
observed for long while, and even long ago when was mem- 
ber the Board, the same difficulty would come up. grows out 
the fact, has been said, that, with the extended membership the 
Society present, negative vote entirely concealed and may 
made effective that members can satisfy their personal spite; and 
good deal this negative voting due that, have doubt. 
There but one remedy for this, opinion. not educat- 
ing the members fair and honorable thing. are 
capable such appeal will the proper thing now. can only 
met putting the election into the hands the Board, where 
have long thought properly belonged. may well amend- 
ment the Constitution, looking such change the method, 
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practically increase the Committee Membership adding repre- 


sentative members, selected the Board, with the consent the 
member from each and every district; and when objections are made 
individuals from such district such location, may well 
refer the member from that locality—the member the 
Membership Committee—and the additional member the Mem- 
bership Committee that locality can canvass the spot, near 
may be, the reputation and standing the candidate. With 
such information, the Board the best possible position 
pass upon the merits the candidate, and certainly far better able 
give satisfying result the Society large than can the secret 
ballot. 

The one very pertinent idea connection 
with Mr. Cohen’s remarks, and that the bringing the far-away 
and the membership into responsible connection with 
the Society reference action applications for memberships 
would very much strengthen and tie our Society together. The Insti- 
tution Civil Engineers Great Britain, believe, has now adopted 
similar plan. think some their colonies, particularly 
Canada, they have advisory councils, that are made the non- 
resident members, whom applications are referred that come from 
that colony that territory. The one strength our Society the 
future must through its non-resident membership, through large 
non-resident membership. Those men must brought into touch 
with our Society work. impossible for them take part the 
monthly meetings regularly. They, course, receive our publica- 
tions, and most them realize the burden that put upon the resi- 
dent members carry the business the Society; but they should 
brought touch, much possible, with the the Society, 
and this one way which could done. 

Are there any further remarks? 

Am. Soc. E.—Mr. President, there are two points 
which would like call attention. The first regard 
what Mr. Gould has just said concerning his manner arriving 
decision whether should vote for candidate not, and 
says that carefully considered whether the man’s record was suffi- 
cient fill the constitutional requirements. understand that 
matter that considered the Board Direction before the Blue 
List and before the ballot that, upon the face it, the 
record, their judgment, does come the constitutional require- 
ments. That, seems me, would sufficient. 

With regard another point have been credibly informed that 
there small portion the membership the Society that believes 
that the Constitution little lame and that man should forty 
years age instead thirty order full-fledged member 
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the American Society Civil Engineers. not know whether that 
true not. 

The all right for those that are in. 
(Laughter. 

While not desiring digress, there another feature the appli- 

cation for membership. the Institution Civil Engineers Great 
Britain, man not permitted his application signify the class 
that desires placed in. understand it, applies for 
membership the Society, and remains with the Board Direction 
say whether shall full member associate member, 
classify him where properly belongs. course the Board must 
exercise great deal discretion, particularly with reference that 
qualification which designated charge work.” 
that very easily checked; but except acquaintance with 
man, correspondence with his endorsers, very difficult some- 
times determine whether man qualified not, and great 
many times the men who are more modest than others will word their 
record such way that will look inferior that man who has 
stronger imagination (laughter) ability place his record 
better light. 

Any further remarks? not, all favor the acceptance the 
report the Board Direction will signify saying Aye; contrary, 

No. 

The motion was carried. 

The accepted. The next order the report 
the Treasurer. 

Mr. Knap read the report the 

The there motion accept this report? 

Mr. move that the report accepted. 

(Seconded. 

The motion was carried. 

The report the Treasurer accepted. Next 
order the report the Secretary. 

Mr. Charles Warren Hunt, the Secretary, read his report.+ 

The what you desire with this 
report? 

move that received. (Seconded.) 

The motion was carried. 

The Report the Board Direction the 
Award the Norman Medal and the Rowland Prize next 
order. 

The Secretary read the following Report: 


See Proceedings, Vol. xxvii, (January, 1901). 
+See Proceedings, Vol. xxvii, (January, 1901). 
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1900. 
the Board Direction, 


The Committee recommend the award prizes for the year 


ending July, 1900, respectfully reports the following recommenda- 
tions: 


That the Norman Medal awarded James Seddon, Am. 
Soc. E., for his paper entitled Hydraulics” (No 871). 
That The Thomas Fitch Rowland Prize awarded Allen Hazen, 


Am. Soc. E., for his paper entitled Albany Water Filtra- 
tion (No. 872). 


That The Collingwood Prize for Juniors awarded Robert 
Woods, Assoc. Am. E., for his paper entitled Street Grades 
and Cross-Sections Asphalt and Cement (No. 853). 

The Committee calls attention the fact that this paper was 


written, published and discussed prior Mr. Woods’ transfer the 
grade Associate Member. 


Respectfully submitted, 
JOSEPH MAYER, 


The have report that the Board Direction has 
awarded the prizes accordance with the recommendations the 
Committee. 

The action necessary this Report. 
simply for the information the Society. 

There proposed amendment the Constitution con- 
sidered this meeting. The Constitution states follows: 


Such amendments shall order for discussion such Annual 
Meeting, and may amended any manner pertinent the original 
amendments majority vote the Annual Meeting, and 
amended shall voted upon letter-ballot form amended 
the Annual Meeting; not amended, they shall voted upon 
letter-ballot submitted. The vote counted the first regular 
meeting March.” 

The proposed amendment reads follows: 

Amend Section Article adding the following: 
Board Direction may transfer any Junior elected prior March, 

Proposed George Morison, Whinery, Joseph Knap, 
John Bogart and Schneider. 

Before opening this for general discussion, would like call 
the attention the Society the last paragraph Section rela- 
tion Junior membership. says: 


Persons who are the Junior class the time the adoption 
this Constitution shall not have their status changed the pro- 
visions this section.” 


While true that have the power amend our Constitution, 
also true that that clause that Section Article seems 
the nature contract which entered into with those 
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who were Junior members the time this Constitution was adopted. 
Now question which not clear, whether, while may 
technically have the power change that clause, have the moral 
right so. Now, course, the members the Society have 
judge that themselves. consider duty call your 
attention that phase the question. The motive, course, 
this amendment very proper one, and that the desire elimin- 
ate from our Junior membership men that have been that class 
great many years and who are perfectly qualified, should quali- 
fied this time, into higher class. But question 
whether can should amend the Constitution force them 
into higher class without their own consent. would seem, how- 
ever, that with their consent would perfectly proper it. 
The matter now open for general discussion. 

Am. Soc. E.—Is this matter the amendment 
before the house? 

The matter now before the house. 

Mr. wish say, Mr. Chairman and gentlemen, that 
signed that amendment without feeling that wanted passed 
just that shape. But the gentleman who asked sign 
said would brought for consideration this meeting and, 
course, could amended. therefore signed went out, feeling 
harm would done, and take the occasion, sir, now move 
amendment that amendment which will read and which can 
discussed. The amendment propose this: Strike out the final 
sentence Section Article (that the Article you referred to, 
sir, just now) follows: Persons who are the Junior 
class the time the adoption this Constitution shall not have 
their status changed the provisions this That pro- 
pose have stricken out and substitute therefor the following: 

who became Juniors before the date the adop- 
tion this Constitution may transferred other classes mem- 


bership the Board Direction. transferred, they shall 
continue Juniors.” 


would simply say here that have discussed the Board, 
and letters have been sent out all those call the old Juniors 
the subject having them transferred, say, the grade Asso- 
ciate, and replies were received from many them not objecting. 
Others did object. Others objected very decidedly being transferred 
that grade. Therefore, was afterwards decided the Board 
that amendment this kind should sent out voted upon. 
seems that these Juniors, some them now years 
age, would only too glad transferred some other grade 
membership, and this way can done the Board Direction. 
They can vote understandingly, and harm will done, and 
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none the rights Juniors are taken away, think, the adoption 
the amendment which propose. 


The there any second Mr. Knap’s amendment 
the original amendment? 

Mr. President, seconding the amendment pro- 
posed Mr. Knap, wish say Iam very sorry that the member, 
who prominent member the Society, who originally took this 
matter and investigated and who has been the strongest advocate 
it, not here to-day, and should like present very briefly the 
arguments that thinks are sufficient warrant the adoption 
some amendment this character. This class anomalous class 
the Society, and very small class, and for that reason alone 
would desirable eliminate that class could done ina satis- 
factory manner. has been stated here, some these Juniors who 
were elected Juniors previous the adoption this Constitution are 
now gentlemen, not only mature inage, but prominent their branches 
the profession. Among other things the Society have prize 
offered Junior members for the best papers produced. Now 
argued that hardly fair place Juniors, under the age thirty, 
competition with men forty, fifty, sixty years, who have 
reached advanced positions the profession, who are men known 
ability. Very probably such Juniors would not compete for the 
Junior prize, but they might, and this gentleman thought that was 
case which demanded action the part the Society. may say 
further, without any violation confidence, that gave good deal 
consideration the legal was raised our worthy 
President, and came the conclusion that the Society had 
undoubted right, legal and moral, make thistransfer. this 
behalf the gentleman, although not personally prepared 


advocate the amendment very strongly. 


Mr. Chairman, there confusion, think, this 
matter, because the classification Junior before the adoption this 
Constitution was decidedly different from the classification Junior 
the present time. time this Constitution was adopted the 
clause which has been referred was inserted order avoid the 
infringement the rights the class Juniors that had been elected 
previously under the old Constitution. judgment, sir, have 
legal right make any change this matter. right that 
has been secured those men who came under certain classifica- 
tion, which was higher classification, remember it, than the classi- 
fication for Juniors the present time; and are honor, 
well legally, judgment, adhere that contract. Besides 
that, does not seem that there any expediency init. This 
very small class; anomalous class, but grew out the 
condition changing the classification Juniors. think can 
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well afford leave alone. Perhaps some gentleman who may 
Junior under that old classification wishes were not; and possibly 
some gentleman that class—I have nobody mind—may some 
time run the gauntlet getting into higher class his own motion. 
does not wish to, think should left undisturbed. 
not think the Society has any right attempt move him. think 
that clause should left just is. 

Mr. would like add word, Mr. President. The old 
Constitution, while defined the requirements Junior, simply 
put limit upon his connection with the Society. Now then, when 
limit was placed upon the continuance Junior, this clause which 
has been read and which now proposed amend, provides that 
persons who were the Junior class the time the adoption this 
Constitution should not have their status changed the provisions 
this Section. You cannot amend that clause change its 
force. They are not have their status changed its provisions. 
You may anything else that does not. interfere; but alter that you 
cannot. amount amendment will change its force all. 
cannot see exactly what the object changing the status these 
Juniors. Ifthey not see apply for advanced grade, they prob- 
ably have some good reason; either that they not choose run 
the gauntlet election, some other saving ad- 
vanced fees, may be. There nothing that can do, judg- 
ment, that will lawful proper toturnthem out that position. 
And when they are called anomalous class, they are perfectly 
lawful class the creation the Society, and although not de- 
sirable have half dozen men different and distinct class from 
all the others, yet have created them such, and long they 
not see fit ask have change, must let them alone. 
cannot disturb them, view. 

Mr. word more. Nature will take care the ques- 
tion before many years, sir. (Laughter.) 

The one word further said about this 
Clause The addition Section Article this clause, 
its elimination, has nothing whatever with the legal status 
the men who were Junior members that time. simply 
express here, and that all. eliminated, they have the 
same legal right remain Juniors that they have with in. You 
might, course, and the only thing you can do, seems me, 
provide more easy way for these Juniors change their 
status voluntarily. That the only thing you can do, opinion 
—not your President, but simply ordinary member the 
Society. 

Am. Soc. E.—In line with what you have just 
stated, Mr. President, would like offer amendment Major 
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Knap’s amendment, which changes the closing sentence Section 

Board Direction may change the grade any Junior 
with his consent whatever grade which eligible.” 

That does away with several objections. the first place, does 
away with special legislation against that particular class. the 
second place, obviates the necessity bringing man before the 
Society for balloting second time, and think that the Board 
Direction can entrusted with the judgment man’s case that 
particular. understand it, will out the Blue List and 
the Board will open any objection just were voted 
on. seems that would relieve the situation the embarrass- 
ment which now seems surround it. 

Mr. ask have that proposed amendment read 
again 

Mr. Board Direction may change the grade 
any Junior, with his consent, whatever grade which 
eligible.” 

Mr. Junior, the Junior particular class? 

Mr. Bucx.—No, any Junior, the grade any Junior. 

The makes discrimination whatever. Are 
there any remarks this amendment the amendment the 
proposed amendment? 

Assoc. Am. Soc. E.—I would rise point 
far you can go. While would glad endorse and second the 
last amendment proposed, think out order that form. 

The only the second amendment. The Chair 
rules that itis order. Any further remarks it? 

Patmer Am. Soc. E.—The difficulty about the 
original amendment, seems me, would that Junior may 
practicing engineer, and that Associate not intended—that 
class not intended for practicing engineers, and not see 
that have any right change man who may practicing 
eugineer into class which certainly not intended—although 
forget the exact wording the Constitution—to class for practic- 
ing engineers. not think have any moral right 
anything like that. 

Mr. Bucx.—It seems that the provision his 
covers all that. objects being made Associate, 
certainly cannot made Associate. 

Mr. was not criticising your amendment. 
cising the original amendment. your amendment con- 
cerned, think open this criticism, that gives the Board the 


right change the status member without submitting the ques- 
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tion vote the members, because you include all Juniors. That 
point will have considered. 

Mr. think that the gentleman who has last spoken 
perhaps confuses Associates with Associate Members. 

Mr. all. confusion all. The original 

-amendment, understand it, would transfer these Juniors, not 
Associate Membership, but Associates. 

The would transfer them such grade they may 
qualified for. 

Mr. the original one talking about. The 
original amendment, suggested Mr. Morison, that they should 
taken bodily and made Associates, whether they want not. 

The will read that. the original proposition: 
Board Direction may transfer any Junior elected prior 
March, 1891, the grade 

Mr. take practicing engineer then, and transfer 
him without his wish into grade which provided for men who are 
not practicing engineers. not think that the Society has any 
moral right anything that nature. 

Mr. moment. would acknowledge Professor 
Ricketts that mistaken. His remarks were applicable the 
amendment which refers. was one several amendments. 

ALLEN Hazen, Am. Soc. President, understand 
it, the Board Direction now has the power elect any these 
gentlemen Associates with their consent. unnecessary amend 
the Constitution secure that. feel strongly the force what Mr. 
Crowell has said and what Mr. Cohen has said, and seems 
that should very carefully touching what may 

The Hazen, would like make remark you 
and the rest the gentlemen here, and that that the discussion 
now, order avoid confusion the minds the members, think 
your remarks for and against should confined the amendment 
the amendment which are now discussing, and you ought not 
discuss the original amendment which will come later on. That 
simply suggestion would like have the members keep mind 
clearly. your argument against any one these amendments, 
state specifically the one which you refer to. 

Mr. not think that have anything say the 
amendment the amendment, sir. 

make the point order that the amendment the amendment not 
pertinent one and therefore not order this time. amend- 
ment has been proposed relating Juniors that are special class, 
namely, those elected prior March, 1891; and therefore any amend- 
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Discussion ment which goes into the question all the Juniors the Asso- 
Amendment 


Constitution ciates the Associate Members, not pertinent the original 
(continued). 


resolution and therefore not order. 

The Chair would decide that the amendment is. 
pertinent. 

proposed amendment the amendment, would allow the Board 
Direction elect Junior directly full membership; that so? 

The sir. 

The can explain that perhaps. Junior ceases 
Junior when becomes thirty years age, under our present 
Constitution, and person not qualified until is. 
thirty. Consequently Junior cannot transferred the grade 
Member. 

Mr. not the wording that amendment make him 
eligible full membership? 

becomes thirty. 

should like ask whether under the present 
Constitution the Board Direction has not already the power 
Associate? 

The Yes, sir; they have. 

Mr. the use the amendment? they pro- 
Junior, well immediately before. 

Mr. would like add one word. understand 
the force Mr. Buck’s Board may trans- 
fer, with his consent, Junior such class the Board may see 

The may qualified for. 

Mr. may qualified fill—with his consent. 
Now there express stipulation that Juniors who have been 
elected since this Constitution took effect will cease Juniors 
when they are thirty years age. have not recognized, and 
not sure that recognize now that this provision, carried, will 
authorize the Board transfer any Junior the advanced grade 
full Member; but would provide, for the very limited number 
Juniors who are said themselves, that the Board 
should empowered transfer any class for which they were 
eligible, with their consent, such members, their action and with- 

out reference the Society large. the amendment presented 
does not cover quite that ground, should like see amended 
meet that point. All that they are pretending deal with nowis with 
certain very limited number Junior members, and the Board 
authorized transfer them, with their consent, any grade for 
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which they are eligible, you cover the whole thing. may leave one 
two who cannot transferred, but that cannot helped. 

Mr. seems me, that view the fact that the 
age thirty years the limit which person must cease 
Junior, and which becomes eligible full membership, that this 
would apply, without any further provision, that particular class 
Juniors who have reached the age thirty, and who are otherwise 
qualified for full membership. 

Mr. President, it, course, obvious the mem- 
bership that this amendment the amendment defeats the object 
the original amendment. Whether, therefore, pertinent not, 
point order that might taken. 

The extreme case, Mr. Whinery, explana- 
tion ruling: amendment any resolution striking out the 
enacting clause always pertinent, and you could not make any more 
radical change than striking out the enacting clause. Now 
direction. 

Mr. should object very strongly the proposed 
amendment the amendment for this reason: had some talk here 
this morning about the care that taken admitting members 
the Society. There question but that there very much less 
care taken the case Juniors than any other class; for the reason 
that the intent the Constitution was make the provision broad 
that young men, graduates engineering schools, could come in, and 
that way enter the profession. The door has been made wide open 
for them. Now does not seem proper that should change 
the whole tenor the Constitution that respect, should make such 
sweeping change transfer members from this class into any 
class which they may eligible. The Board, under that amend- 
ment, might pass Junior directly the grade Member. The 
Constitution its present form makes ample provision for the 
ment members through the various grades. should certainly 
oppose any sweeping change like that. (Applause.) 

the amendment, but think our matter goes farther back than the 
present the original change the Constitution. 
that the amendment the Constitution proposed should have been 
compulsory the Board Direction the membership. 
transfer those Juniors the time the change Constitution, the 
grade Associate Member. strongly favor changing 
the proposed amendment and making compulsory the Board 
Direction change those Juniors who were members the Society 

the time the change the Constitution, once, the grade 
Associate Member, merely trying give them the status that they 
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did not have the time the adoption the Constitution. 
seems that they were degraded that time and that error has 
never been corrected before. think that giving the Board the right 
transfer any grade would certainly mistake. 

Mr. merely rise correct the statement 
attention has been called the fact that under this amendment the 
amendment would not possible transfer Juniors from the grade 
Junior directly the grade Member, said. 

Mr. should like toask ifit possible for the Secretary 
inform how many individuals were this class Juniors that 
were Juniors before 1891. 

The the time the first agitation this 
some five months ago, think was, there were twenty odd. Since 
that time there have been one two resignations and two three 
transfers. should say now that there are, perhaps, sixteen seven- 
teen that grade—not more. 

Henry Am. Soc. E.—It seems that this last 
amendment, likely pass, injudicious this respect: Any 
one reading the amendment would fall into the same error that Mr. 
Whinery did, and that did when first heard it. the face it, 
eligible. may eligible natural talent that position, 
whereas others would have stand and wait. But discovered 


that another remote part the Constitution there provision for- 


bidding that. seems injudicious form and should 
voted down. 

The time short, gentlemen, and believe this 
matter has been fully discussed. can find that amendment 
will have read you before vote it. Will the Secretary please 
read the amendment the amendment? 

The The Board Direction may change 
the grade any Junior, with his consent, whatever grade which 
eligible.” 

The that all? 

The seems all, sir. 

The vote now the amendment the 
amendment the original proposition amend the Constitution. 
All favor this amendment will signify saying Aye; contrary, 
No. 

The amendment was lost. 

The vote now the amendment the proposed 
amendment the Constitution suggested Mr. Knap. Will the 
Secretary please read it? 

The Secretary (reading).—‘‘ Strike out the final sentence Section 
Article II, reading: who are the Junior class the 
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time the adoption this Constitution shall not have their status 
changed the provisions this section,’ and substitute therefor the 
following: ‘Persons who became Juniors before the date the 
adoption this Constitution may transferred other classes 
membership the Board Direction. Until transferred they 

The favor this amendment will signify 
saying Aye; all opposed, No. 

The amendment was lost. 

The vote now the original proposition 
amend the Constitution which follows—that is, whether 
shall sent letter-ballot. The Secretary corrects me. The pro- 
posed amendment reads follows: 

Amend Section Article adding the following: 
Board Direction may transfer any Junior elected prior March 4th, 
1891, the grade Associate.’ 

All favor signify saying Aye; contrary, No. lost. 

The think, sir, that this meeting has option what- 
ever this matter. The Constitution provides that amendment 
the Constitution shall presented certain shall come 
for discussion one the general meetings the Society. 
amended, shall sent out letter-ballot amended form. not 
amended, shall sent out the original form. 

The stand corrected. There nothing 
except follow the Constitution and send this proposed amend- 
ment out letter-ballot unless amended. The Secretary will 
read the clause the Constitution. 

The Secretary read the clause the Constitution relating amend- 
ments. 

The sir. 

Mr. this meeting give expression opinion 
whether expedient pass the amendment, that with the ballot 
might out the expression opinion this meeting? 

The not think so—any more than the meeting has 
already expressed itself. 

Mr. expression opinion, which believe 
record, the original 

The meeting, course, could pass resolution 
instructing the Secretary say that was the sense the members 
assembled Annual Meeting that they were favor this propo- 
sition. 

Mr. what was proposing. 

The —There would have resolution made, 
course, that effect and regularly passed. 
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Mr. Srearns.—I intended make that resolution. You have 
worded substantially intended. 

The there second that? 

member seconded the resolution. 

The the gentleman kindly write his resolution 
out? you all understand the resolution thoroughly. 
that the Secretary instructed inform the members when this pro- 
posed amendment sent out letter-ballot that the sense this 
meeting that not adopted. that correct? 

Mr. Buck.—With statement the vote, Mr. President. 

Mr. seems that statement fact that was 


discussed and what happened here proper. does not seem 


that this meeting has exactly the right instruct the membership 
this Society large, and would look like attempt it. 
think that the mere recital the facts regard this question 
would order and proper. 

Mr. seems recital the facts would cer- 
tainly include what the vote was. say that the meeting was 
favor it, without stating how many voted how many voted each 
way, would give, seems me, the adequate information. 

The the hands the meeting indicate how 
desires express its opinion, whether ayes and noes, simply 
majority vote. 


Joun Am. Soc. E.—A man could have become 


Member three four times over, although was ineligible for 
anything but Junior, since this discussion was begun. seems 
matter which will settle itself. These Juniors will all die 
sometime, and this discussion will on. prefer leave out 
all mention the letter-ballot what has been done. Suppose 
are little bit wiser than anybody else, and want tell the other 
fellows what do—they get that without cost the Proceedings. 
Anybody that reads the Proceedings will know that this was voted 
upon here and voted down. Perhaps could find out those who 
not care read the Proceedings, and send them little private letter 
telling them how the vote was. But strikes the most dignified 
way treat this matter isto dropit this meeting, and let 
through the regular channels. 

want ask one question, with your permission— 
whether further amendment the amendment would 

The you can amend here all day. 

amendment has been suggested which think 
would meet the approval number—to add the word 
make read Associate Member” instead 

The there any second the amendment? 

one seconded the amendment. 
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resolution signify saying Aye; contrary, No. 

The resolution was lost. 

The next business the selection the Nomi- Appointment 
nating Committee. recent amendment the Constitution, the 
appointment seven members the Nominating Committee, which 
has heretofore been made the Annual Convention, similarly 
made hereafter the Annual Meeting. circular was duly sent out 
asking for suggestions for representatives the seven districts 
this Committee, and the Secretary has report the returns received. 

The Secretary read the nominations for District No. follows: 
District No. 1.—Total number votes received, 39; follows: 
Ira SHALER 


The following, one each: 

THEODORE COOPER, Max 


The names are simply suggestions, under- 
stand it, this meeting, enable the meeting know the opinion 
the members residing the district. that right, Mr. 
The the power this meeting elect any 
one. 

The the power this meeting elect any 
one. been customary consider the candidate receiving the 
highest number votes the nominee, unless there are other nomi- 
nations. regular motion necessary 

The think so; yes, sir. 

The regular motion, however, necessary put 
Mr. Shaler’s name nomination other representative District 
No. 

nominate Mr. Shaler. (Seconded.) 

The there any other nominations? not, all 
favor Mr. Shaler being the Nominating Committee from District 
No. will signify saying Aye; contrary, No. 

The motion was carried. 

The Shaler appointed. 


The Secretary read the nominations from District No. 
follows 


Ineligible. 
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Appointment District No. 2.—Total number votes received, 39; follows: 
0) 


(continued). 


The following, one each: 


Mr. move the gentleman having the greatest number 
votes appointed the Committee. 

The Mr. Tinkham. 

The motion was seconded. 

The moved and seconded that Mr. Tinkham 
elected member the Nominating Committee from the Second 
District. favor signify saying Aye; contrary, No. 

The motion was carried. 

The Tinkham elected. 

The Secretary read the nominations from District No. 


follows 
District No. 3.—Total number votes received, 25; follows: 

The following, one each: 


Mr. move that the highest one, Alden, ap- 
pointed. (Seconded.) 

The there any other nominations? moved 
and seconded that Mr. Alden elected member the Nominating 
Committee from District No. Ali favor signify saying Aye; 
contrary, No. 

The motion was carried. 

The Alden elected. 


Ineligible. 


Henry 
Gero. 
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The Secretary read the nominations from District No. follows: 

District No. 4.—Total number votes received, 50; follows: 
MANSFIELD MERRIMAN 
Davison 
ALLEN 


ALEXANDER MACKENZIE 


The following, one each: 


elected member the Nominating Committee for District No. 
(Seconded. 

Mr. many votes Mr. have? 

The 

The other favor the elec- 
tion Mr. member the Nominating Committee for 
District No. will say Aye; contrary, No. 

The motion was carried. 

The Wolfel elected. 

The Secretary read the nominations from District No. follows: 

District No. 5.—Total number votes 41; follows: 


The following, one each: 


*Ineligible. 
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The the gentlemen whose names were first read, 
quite likely that the one having the highest number votes will 
member the Board Direction—he be, all events—Mr. 
Osborn; and Mr. Noble, Mr. Strobel, Mr. Wallace and Mr. Carter are 
ineligible. 

The Onward Bates. 

The nominate Mr. Bates. 

Mr. second the motion. 

The favor Mr. Onward Bates being elected 
member the Nominating Committee from District No. will signify 
saying Aye; contrary, No. 

The motion was carried. 

The Bates elected. 

The Secretary read the nominations from District No. follows: 

District No. number votes received, 32; follows: 


The following, one each: 


Jupson. 

Mr. move the first name the list. 

The other nominations? 

Am. Soc. E.—I would like nominate 
Mr. Montfort. would very advantageous the Society 
secure his services. 

The you have heard two names. will 
put Mr. Crosby’s first was nominated first. All favor Mr. 
Crosby being elected member the Nominating Committee from 
District No. hold their right hands. 

Twenty-eight members held their right hands. 

The favor Mr. Montfort will signify holding 
their right hand. 

Twenty-eight members voted for Mr. Montfort. 


Ineligible. 
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The have the deciding vote, sir. 
The shall decide favor Mr. Montfort for the 
reason that think represents, account his position Chief 


Engineer the Louisville and Nashville, and his age, probably 


larger number the members the Society that district than Mr. 
Crosby, although either one those gentlemen would abundantly 
fitted and qualified for position the Nominating Committee. 

The Secretary read the nominations from District No. follows: 


District No. 7.—Total number votes received, 21; follows: 


The following, one each: 


Sr. 


HERRON, 

Kennepy, 


Mr. Mr. President, the interest our Society 
the far West would suggest the name Mr. Marx. profes- 
sor Stanford University, and man that can the Society remark- 
able good the West, and would put his name nomination. 

second the nomination. 

Mr. ask the highest number votes received for 
any gentleman? 

The were four gentlemen; each had two votes. 

The —Any other nominations for the 7th District? 
Before putting this vote, the Secretary informs the hour 
o’clock here, and therefore declare the ballot closed. All favor 
Mr. Marx being elected member the Nominating Committee 
represent District No. signify saying Aye; contrary, No. 

The motion was carried. 

The Marx elected. 

say word behalf the Nominating Committee. The Nominating 
Committee consists members, five whom are Past-Presidents. 
the last meeting that Committee there were seven members pres- 
ent. Three districts were entirely unrepresented. believe that 
the Nominating Committee clothed with considerable discretion 
presenting names balloted for the general officers the So- 
ciety—President, Vice-Presidents large and Treasurer; but when 
comes representation the Board Direction they should 
guided very largely, not entirely, the expression opinion from 
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the members each district. has been found impossible get 
such expression opinion when small minority the Com- 
mittee have been present, and has been necessary have their 
action confirmed correspondence, which has taken good deal 
time and has been somewhat laborious. hoped that the 
Annual Convention next summer much larger representation the 
Committee can had, but think the duty the members the 
Society get into communication with the member the Nominating 
Committee from their district, and think may promise that the 
Membership Committee between now and the Annual Convention will 
endeavor obtain expression opinion from the membership 
the Society large; but not think the membership ought wait 
solicited for such expression, but they should put the member 
the Nominating Committee more touch with themselves, and 
should his possession any suggestions, both for nominations for 
the general officers the Society, and especially for nominations for 
the Board Direction represent that district, and sincerely hope 
that the members here present will bear that mind and try help 
the Nominating Committee much they can submit names 
which will entirely representative, and which will also meet with 
the hearty approval the membership the various districts. 
(Applause. 


The have Standing Committee from 


Committeeon whom have not had report for some time. the Com- 


Cement. 


mittee Cement. believe the Chairman, Prof. George Swain, 


present, and perhaps can furnish with progress report. 

which have prevented the Chairman the Committee from devoting 
much time the work during the past year, the Committee not 
able this time submit any formal report, although has made 
some progress, and has large amount work blocked out. 

That all that the Committee has say; but individual 
capacity have two remarks make. The first is, that any 
members the Society are disposed complain the slow progress 
the Committee, they should put the blame directly the 
Chairman, because owing him that little has been done 
the past year. The second thing this: The Committee origin- 
ally appointed consisted seven members. One has since resigned 
from the Society, leaving six. Some members the Committee 
least have thought that would very desirable the chemist and 
manufacturer could have some representation. not sure what 
action was taken the Society when passed the original resolu- 
tion appoint the Committee whether the number the Com- 
mittee should limited, and the members the Committee are not 
agreed whether the number the Committee should increased. 
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The vacancy, presume, should filled and will filled; but 
might desirable—I simply bring before the Society—it might 
desirable, perhaps, authorize the Board Direction increase 
the Committee they should think desirable. 

The there any motion that effect? 

Am. Soc. E.—I move that the Committee 
have the power increase its number desires. (Seconded.) 

The there any remarks the motion? 

did not hear the motion. 

The motion was that the Committee given the 
power increase its membership such extent may desire. 


Any remarks that motion? All favor signify saying Aye; 
contrary, No. 


The motion was carried. 


The report the tellers will ready very Meeting 
few minutes. The programme says that one o’clock lunch will 
served, and necessary this meeting will resumed. hope that 

will not necessary. Mr. President, you had better fix 

hour, soon after lunch possible—say half-past the 

meeting the Board Direction. 

The meeting the Board Direction will take 
place immediately after this meeting and before lunch (laughter). 

One the fundamental principles, you know, engineers, particu- 
larly the old ones, which class presume can now consider my- 
self, finish our work before eat (laughter). 

The the excursions which have been arranged Programme 
for this afternoon, will view the work the Rapid Transit con- 
struction. While are eating lunch will try form some plan 
which the parties can gotten together. There are several mem- 
bers the Society engaged that work who have kindly offered 
with parties and show them what there see, one party going 
the North and one going the South; and has been suggested, 
and think will carried out, that special car will ready 
certain time—I not prepared say now what that hour 
will be—but before the lunch to-day over think will able 
say just how each person who wishes see this work shall 
about it. 

The reception this evening will o’clock, and hoped that 
many ladies will come there are members present. 

The excursion to-morrow will leave promptly o’clock from 
West Fifty-seventh Street. The steamer Girl, which has been 
obtained through the courtesy Mr. John Starin and General 
Howard Carroll, will leave repeat it—because have 
good deal see, and necessary that should prompt. During 
the day luncheon will served the boat, and stop will made 
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Programme one more points where the work the Department Docks 


Annual 
Meeting 
(continued), 


Invitation 
Inspect 


Foundations 


Mutual Life 
Building. 


and Ferries now going the East River. 

invitation Mr. Thomas Murray, General Manager the 
New York Gas and Electric Light, Heat and Power Company, and 
Leib, Jr., Am. E., General Manager the Edison 
Electric Company, and Mr. John Van Vleck, Construct- 
ing Engineer both companies, party will visit the Water-Side 
Power Station Thirty-eighth Street, East River. stop will also 
made, invitation George Pegram, Am. E., Chief 
Engineer the new power station the Manhattan Railway Company 
Seventy-fourth Street, East River. 

To-morrow night 8.30, this room, Elwood Mead, Am. 
E., Expert Charge Irrigation Investigations, United States 
Agriculture, will describe irrigation methods use 
the arid regions, showing lantern slides, unirrigated and irrigated 
lands that region, some the canals and head-gates irrigation 
systems, the apparatus used the Department the investigations 
the duty water, and the results these studies. After that 
lecture there will smoker. 

Mr. Granbery, Junior the Society, Engineer Charge 
Construction the Arlington Copper Company, has extended 
invitation those members who are specially interested works 
that kind, visit the works that company Arlington, J., 
Friday, any time which suits their convenience. Arlington 


minutes from the foot Chambers Street via the New York and 


wood Lake Branch the Railroad, and about mile from the 
station the works. asked Mr. Granbery would state what 
was the best time out there, and sent some time tables. 
examination them leads the belief that the best train the 
one which leaves 9.40 the morning from Twenty-third Street, 9.45 
from Chambers Street. That train gets Arlington 10.15; and 
such members desire view those works (and quite number have 
informed the Secretary that they would like go) will that 
train, will try and arrange with Mr. Granbery that they shall 
met and taken through the works. understand that will take 
about two hours after reaching the works through the mines. 
Mr. President, have letter here which would like read. 
New York, January 9th, 1901. 
CHARLES 
Secretary, Am. Soc. E., 
220 West Fifty- -seventh Street, 


Dear that some the members attending the 
annual meeting might interested the pneumatic foundations now 
progress for the Mutual Life Building Cedar Street, the 
contractors, Arthur McMullen Co., and the architects, Messrs. 
Clinton and Russell, Major Hollis Wells, Engineer, desire 
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state that they would glad show any the members over the 


work. are notified advance, Major Wells and Mr. McMullen 
will hand explain. 


The foundations are carried rock about 100 ft. below the 

ft. below water deepest point, rectangular caissons and 
circular caissons,including those used support old walls. The rectan- 

gular caissons form 8-ft. wall around the entire lot (which 000 

ft. square), and after this retaining wall completed the cellar will 
iron work the building being erected. The erection iron has 


the Cedar Street end and the caissons are com- 
pleted. 


There are many interesting features about the work, including the 


ramming clay between the caissons hold the water back while 
excavating the cellar. 


Yours truly, 
Kennarp Am. Soc. E., 
Engineer for Contractor. 

just informed that will about ten minutes before the 
report the tellers ready. 

move that recess ten minutes taken. 

The have about ten minutes before Recess 
will hear the report the tellers, and new business order; and 
any member has anything suggest any motion make for the 
good the Society, presume that will have time enough 
consider it. 

Henry Am. Soc. E.—It Mr. O’Rourke’s sugges- 
tion that might have discussion Standard Time (laughter) 


The there objection will take recess for 
ten minutes, without leaving the room your seats. 


other words 
(Recess. 


The the gentlemen back near the door inform the Report 
gentlemen the library that recess ended? The Secretary will now 
read the report the tellers. 


The Secretary read the tellers’ report respecting the vote for 


The have the pleasure, gentlemen, announce the 
election Mr. Croes President the Society for the ensuing year. 
(Applause.) The Secretary will now through the remainder the 
list. 

The Secretary read the vote for Vice-Presidents. 

The Haines and Benzenberg are elected Vice- 
Presidents for the next two years. (Applause.) 

The Secretary announced the vote for Treasurer. 


full report the tellers, see page 58. 
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Report The Knap elected Treasurer for the ensuing 
year. (Applause.) 
The Secretary stated the vote for Director from District No. 
The Briggs elected for the District. 
The Secretary stated the vote for Director for District No. 
The Swain elected Director from the Dis- 
trict. 


The Secretary stated the vote for Director for District No. 


The Prestpent.—Mr. Kuichling elected Director from the 
District. 


The Secretary stated the vote for Director for District No. 


The Endicott elected Director from the 4th 
District. 


The Secretary read the vote for Directors for District No. 


The Carter and Mr. Osborn are elected 
Directors from District No. 


Report Tellers Appointed Canvass the Ballot for the Election 
Officers the Annual Meeting, January 16th, 1901. 


Whole number ballots received 


Counted 
For 
James Croes 
Robt. Moore 


Rudolph Hering 
Ed. North 
Stearns 


For 
Henry Haines 
Geo. Benzenberg 
Alexander Mackenzie 
Howard Kelley 
Geo. Webster 
Geo. Quinlan 
John Van Horne 


For 
Jos. Knap 
John Thomson 
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For 
District No. 
District No. 
District No. 
District No. 
District No. 
ERLANDSEN, 
16th, 1901. 


Tellers. 


The before drifting into the past, desire 
thank you for the honor that you did year ago, and for the 


courteous and kind treatment that have received your hands. 
will now ask that Mr. Hering bring forward the 


Mr. Hering escorted President Elect Croes the platform. 


laying aside this gavel, gives President 


Mr. Croes, who needs introduction you. (Applause.) 


express sincere thanks you and high appreciation the 


honor conferred upon me. 


only fear the matter that shall 


not able fill the position with the efficiency and dignity shown 
immediate predecessor the office, and the long list pre- 
decessors whose example before me. can only say that trust 


that may emulate them the discharge the duties the office 


believe that the President does until the close 


the Annual Meeting. 


However, feel obliged, though with reluct- 
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ance, change the ruling predecessor right here, and 
announce that the meeting the Board Direction will held 
after lunch instead before. (Applause.) Gentlemen, motion 
adjourn order. 

Mr. move that now adjourn. 


The motion was carried and the meeting adjourned. 


Thursday, January 17th, 1901.—The meeting was called order 
8.30 President James Croes the chair; Assistant 
Secretary McMinn, acting Secretary, and present, also, 136 
members and guests. 

Elwood Mead, Am. Soc. E., delivered lecture, illustrated 
with the stereopticon, irrigation methods use the arid regions 
the United States. 


Adjourned. 


EXCURSIONS AND ENTERTAINMENTS THE FORTY-EIGHTH 
ANNUAL MEETING. 


Wednesday, January 16th, the business meeting 
lunch was served 1.30 the Lounging Room. After lunch 
several parties were organized and visited the construction work 


the Rapid Transit Railroad Commission, under the guidance the 


engineers that work. 
Reception was held the Society House, which was 
largely attended. 


Thursday, January 17th, 1901.—At 10.30 the steamer 
Girl (kindly furnished for the occasion John Starin, Esq., and 
General Howard Carroll), with about 350 members and guests, includ- 
ing many ladies, left the pier the Department Docks, the foot 
West Fifty-seventh Street, for excursion. The steamer pro- 
ceeded down the North River, around the Battery and the East 
River. the New York and Brooklyn Bridge and the New East 
River Bridge speed was reduced order give opportunity 
view those structures. stop was made the foot,of East Twenty- 
second Street, order inspect the work the Dock Department 
that place. 

stop was also made Thirty-eighth Street, where the Water-Side 
Power Station the New York Gas and Electric Light, Heat and Power 
Company was inspected. Another landing was made Seventy-fifth 
Street order view the electric power station the Manhattan 
Railway. was served and. the steamer then conveyed 
the party the Recreation Pier East Twenty-fourth Street. 

8.30 Elwood Mead, Am. Soc. E., delivered lecture 
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irrigation methods use the arid regions the West. The 
lecture was illustrated with lantern slides. 

After the lecture there was informal which was 
enjoyed about 170 members and guests. 

The following list contains the names 319 members various 
grades, who registered being attendance the Annual Meeting. 
This list incomplete, account the failure many members 
register, and does not include the names any the guests the 


Society individual members: 


Aus, Gunwald ....New York City 


Bacon, John W..Danbury, Conn. 
Ballou, L...... New York City 
Basinger, G.....New York City 
Baum, York City 
Belzner, York City 
Bensel, A....... New York City 
Berg, Walter G....New York City 
Bishop, 
Boecklin, Werner, Jr. 

New York City 
Boggs, Tie Siding, Wyo. 
Boller, Alfred York City 
Boller, P., Jr.Brooklyn, 
Bontecou, D....Kansas City, Mo. 
Bonzano, A..... Philadelphia, Pa. 
Bowman, L.....New York City 
Boyd, Jas. C....... Boston, Mass. 
Braine, F..... Brooklyn, 
Bramwell, W..New York City 
Brinckerhoff, York City 
Brown, Grand, Rochester, 
Brown, E., Jr..New York City 
Buck, Wethersfield, Conn. 
New York City 
New York City 
Buck, E..... Worcester, Mass. 
Burbank, Geo. B..New York City 
Burns, Justin..... New York City 


Burrows, Geo. Mich. 


Carney, J...... New York City 
Carr, Néw York City 
Catt, Geo. W...... New York City 
Chambers, H...New 
Chase, L....... New York City 
Chester, Pittsburg, Pa. 
Christian, L....New York City 
New York City 
Clark, John A., Jr..Orange, 
New York City 
Coffin, Amory..... New York City 


Coffin, Amory 

West New Brighton, 
Cohen, Mendes...Baltimore, Md. 


Colby, K....... New York City 
Cole, John A........ Chicago, 
Cole, Howard Orange,N. 
Collier, C...... New York City 
Cook, John H..... Paterson, 
Cooper, L...... Yonkers, 
Cooper, York City 


Cornell, H...New York City 
Corthell, B...... Boston, Mass. 
Cotton, Joseph P..Newport, 
Craven, Alfred....New York City 
Creuzbaur, W..New York City 
Cummings, York City 
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Davies, John V... New York City 
Davis, York City 
Davis, Charles....Allegheny, Pa. 
Davis, Chester B..New York City 


Day, Arthur M....New York City 
Dean, Luther.... Taunton, Mass. 


Diebitsch, Emil...New York City 
Duncklee,J.B.South Orange, N.J. 
Dunham, York City 


Edwards, H.East Berlin, 
New York City 
Erlandsen, Oscar. New York City 
Evans, Louis York City 
Evans, E...... New York City 


Farnum, H....New York City 
Farrington, H.... New York City 
Felton, Herbert C.Camden, 


New York City 
Frank, Geo. W... New York City 
Frazee, H...... New York City 


Fuertes, James H.New York City 
Fuller, Geo. W... New York City 
Faller, Boston, Mass. 
Furber, Wm. C..Philadelphia, Pa. 
Furman, R.. London, England 


Garrison, Philadelphia, Pa. 
Gartensteig, Chas.New York City 
Gay, Martin ..... New York City 
Gibbs, George. Philadelphia, Pa. 
Gifford, Geo. E...New York City 
Gillespie, H... New York City 
Goldsborough, 
Croton-on-Hudson, 
Goodrich, .Somerville, Mass. 
Gould, Sherman. Yonkers, 
Graham, H..... New York City 
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New York City 
Green, R... Washington, 
Pa. 


Haight, Stephen York City 
Hansel, York City: 
Haskins, J.....New York City 
Haviland, A....... New York City 
Hazen, Allen...... New York City 
Hemming, W...New York City 
Hendrick, W...New York City 
Herbert, M.Bound Brook, 
Hering, York City 
Hill, B......New Haven, Conn. 
Hinds, A.... Watertown, 
Hoag, W., Jr...New York City 
Hodgdon, W....Boston, Mass. 
Hodge, Henry W..New York City 
Hone, New York City 


Hovey, E........ Pencoyd, Pa. 
Howard, Boston, Mass. 
Hoyt, John N....Albany, 
R.L. Philadelphia, Pa. 
Hunt, Chas. W....New York City 
Hutton, New York City 


Irving, Walter E..New York City 


Johnson, Alexander. New York City 
Johnston, P....New York City 


Clinton, Mass. 
Kaufman, G....... New York City 
Kelley, New York City 


Kelly, Olaf M....Brooklyn, 
Khuen, Richard, Jr..Pencoyd, Pa. 
Kimball, George Mass. 
King, PaulS...... New York City 
King, Wallace, York City 
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Knap, New York City 
Knowles, M.... Philadelphia, Pa. 


Leffingwell, D..New York City 
Leisen, ... Wilmington, Del. 
Leonard, R...Lansdowne, Pa. 
Liebmann, Alfred..New York City 
Lindenthal, G.....New York City 
Loomis, York City 
Low, George E....New York City 
Lowinson, York City 
Ludwig, Alfred ...New York City 
Lundie, John..... New York City 


Macdonald,Charles. New York City 
MacGregor, A..New York City 
Machen, B.....New York City 
Maclay, W..Glens Falls, 
Macnab, T..... New York City 
McCann, Thos. H.Hoboken, 
McKim, Alex. York City 
J..... New York City 
Magor, Basil...... New York City 
Malukoff, J....New York City 
Manley, Henry....Boston, Mass. 
Martin, Wisner B..New York City 
Mayer, Joseph....New York City 
Mead, Chas. A..... Newark, 
Merriman, Mansfield 

South Bethlehem, Pa. 
Merriman, T...... New York City 
Merryman, C..New York City 
Metcalf, Mass. 
Millard, Curtiss..Springfield, 
Miller, Hiram A...Clinton, Mass. 
Miller, Rudolph P.New York City 
Minor, Edw. E.New Haven, Conn. 


REPORT THE ANNUAL MEETING. 


Mixer, A...Rumford Falls, Me. 
Meyer, Henry C...New York City 
Modjeski, 
Moisseiff, S....New York City 
Moore, H..New Haven, Conn. 


Moses, R....... New York City 
Moss, Robert E.Bloomfield, 


Myers, John H., York City 


Nichols, H..New Haven, Conn. 


Philadelphia, Pa. 
O’Rourke, John York City 
Osborn, Frank C..Cleveland, Ohio 
Osgood, New York City 
Oxholm, 

West New Brighton, 


Parker, McC...New York City 
Parker, M.S...... Sherman, Wyo. 
Pegram, Geo. H...New York City 
Peterson, A....Montreal, Can. 


Pierce, Boston, Mass. 
Pitts, Thos. D....New York City 
New York City 


Pratt, Mason D..... Steelton, Pa. 
Pratt, A....Philadelphia, Pa. 
New York City 


Rafter, Geo. W.. Rochester, 
Raymond, W.G...... Troy, 
Rice, Geo. New York City 
Richardson, F..Clinton, Mass. 
Ricketts, Palmer C...Troy, 
Ridgway, Robert..New York City 
Roberts, William. Waltham, Mass. 
Rogge, L....New York City 
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Rosenthal, A...Mt. Vernon, 
Rotch, William....Boston, Mass. 
Ryder, T.. New Haven, Conn. 


Savage, Albert C..New York City 
Philadelphia, Pa. 
Scarborough, F.W. Richmond, Va. 
Schmidt, Max E...New York City 


Schneider, A...... New York City 
Schneider, C..... Pencoyd, Pa. 
Senior, Holyoke, Mass. 
Shaler, IraA...... New York City 


Simpson, York City 
Skinner, W.....New York City 
New York City 
Spencer, Haven, Conn. 
Spooner, N.....New York City 
Starrett, New York City 
Stearns, Frederic Boston, Mass. 
Steele, Henry M...Savannah, 
Steffens, Haven, Conn. 
New York City 
Stevens, York City 
Stewart, H..... New York City 
Stiger, S., Jr..Mendham, 
Stoddard, Geo. York City 
Swain, Geo. F..... Boston, Mass. 
Swindells, Jos. S.Mt. Kisco, 


Tainter, F.S..... Far Hills, 
Tait, John G...... New York City 
Taylor, Lucian A...Boston, Mass. 
Taylor, J..Bound Brook, 
Theban, New York City 
Thomson, H....New York City 
Thomson, K....New York City 
Thompson, C...New York City 
Thornley, York City 
Tillson, Geo. W.. Brooklyn, 
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Tomkins, York City 
Treadwell, Lee. Portsmouth, 
Tribus, Louis York City 
Triest, W.G....... New York City 
Trotter, Alfred York City 
Trout, Chas. E....New York City 


Turner, New York City 
Turner, Boston, Mass. 
Pullman, 


Ulrich, Daniel.....New York City 
Upham, New York City 


Value, Beverly R...New York City 
Van Winkle, B.New York City 
Vickers, McE. Philadelphia, Pa. 
Vier, Henry....... New York City 


Wadsworth, J.E.Middleton,Conn. 
Wagner, C...Philadelphia, Pa. 
Walker, New York City 


Wallace, John F....Chicago, 


Wallace, H..... New York City 
New York City 
Ware, W..... Plainfield, 
Waterhouse, J....New York City 
Webster, S..Philadelphia, Pa. 
Webster, Pa. 
Whinery, New York City 
White, Falls, Pa. 
Whitted, R....... Norfolk, Va. 
Whitney, Frank Boston, Mass. 
Wiggin, W..New Haven, Conn. 


Wiley, York City 
Wilgus, J...... New York City 
Wilkins, G..... Pittsburg, Pa. 
Williams, G.S...... Ithaca, 


Wright, York City 


New York City 
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every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, March 6th, 1901.—8.30 regular business 
meeting will held. for membership and ballots the 
proposed amendment the Constitution will canvassed, and 
paper, entitled Flow the Sewers the North Metropolitan Sewer- 
age System Theodore Horton, Assoc. 
Soc. E., will presented. 


This paper was printed the Proceedings for January, 1901. 


Wednesday, March 1901.—8.30 m.—At this meeting 
paper, entitled Heavy Railway Construction Wyoming,” 
Boggs, Assoc. Am. Soc. E., will presented. 

This paper printed this number Proceedings. 


ANNUAL CONVENTION 1901 


The Thirty-third Annual Convention the Society will held 
Niagara Falls, Y., Tuesday, Wednesday, Thursday and Friday, 
June 25th, 26th, 27th and 28th, 1901. 

The rule adopted the Board Direction, February 28th, 1899, 
provides that formal papers shall set down for presentation 
the Annual Convention, but lieu thereof discussion asked for 
all papers which have been published Proceedings during the six 
months immediately preceding. 

also provides that special subjects engineering interest which 
may have been suggested and approved the Committee Pub- 
lications shali also presented for discussion. 

The success and professional value this method may seen 
reference the publications, and the following list subjects chosen 


for discussion the last two conventions given for the information 
members. 


List Subjects Presented for Discussion the Annual Conventions 
1899 and 1900. 


the use the method Wheel-Concentrations discon- 
tinued determining the Stresses Railroad Bridges? 

view present knowledge the Effect Repeated Applications 
Load, should Fatigue Formulas used Bridge Design? 
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Should Stream Contamination the Sewage Cities ab- 
solutely prohibited law? 

Should the Purification the Sewage Cities compulsory, 
and this feasible for Large Cities? 

Filtration the coming solution the Pure-Water Question 
for Cities? 

the Proper Friction Coefficient for use the design 
Riveted Steel Pipe? 

What are the economic conditions under which Electricity may 
profitably substituted for Steam the operation Branch Rail- 
road Lines, and what are the engineering requirements con- 
sidered such substitution? 

the present development the so-called Telferage System 
for moving either Freight Passengers? What are the conditions 
under which that System preferable movement Rail, and 
what its adaptability still further application competition 
with Rail Lines? 

Height Buildings. 

(1) What considerations should limit the height buildings? 

(2) recent developments construction, sanitation, inter- 
communication and economy administration, warrant the 
removal all restrictions? 

Recent Practice Rails. 

The progressive increase weight; the increase hardness, par- 

ticularly carbon; the sections most general use; the 
effect changes weight, composition and section. 

Filtration Water for Public Use. 

The several processes now used for the removal objectionable 

matter; their comparative sanitary effect, cost and reliability.” 


The only way ascertaining what special subjects will 
interest topics for discussion the Convention 1901, 
appealing the membership for suggestions. Such suggestions, for- 
warded the Secretary, will presented the Publication Com- 


ADDITIONS LIBRARY. 


Attention called the number recent donations the Library, 
shown the list page 78. summing the items there 
mentioned shows that about one month there were added bound 
and unbound volumes, 117 atlas, 107 maps and 
specifications, total 438 accessions. gratifying note that 
this number much excess the ordinary rate increase, and 
also that many these accessions are directly traceable the recent 
issue the Catalogue the Library, and have filled not few gaps 
incomplete sets reports. 
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CURRENT TECHNICAL LITERATURE. 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(January 10th February 13th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current which can referred 
anu available engineering can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
50c. 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 

(9) Engineering Magazine, New York 
City. 30c. 

(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 
(12) The Engineer (London), International 
News Co., New York City, 35c. 
(13) News, New York City, 


(14) The Engineering Record, New York 
City, 
(15) New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 

(18) Raiiway and Engineering Review, 
Chicago, 

Scientific American Supplement, New 

York City, 10c. 
(20) Age, New York City, 
(a1) Railway Engineer, London, Eng- 


and. 

(22) and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City, 

(25) Engineer, New York City, 


(26) Electrical Review. London, England. 
(27) World and Electrical En- 
gineer, New York 
(28) Journal, New Water-Works 
Assoc., Boston, 75c. 

(29) Journal, Society Arts, London, 
Engiand. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
sels, 


(32) Memoires Compte Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Pa., 


(46) Scientific American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 
(48) Zeitschrift des Vereines Deutscher In- 
enieure, Berlin, Germany. 
(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


many. 

Stahl und Eisen, Duesseldorf, Ger- 
many. 

(51) Deutsche Berlin, Ger- 

(52) Industrie-Zeitung, Riga, 
ussia 


(53) Zeitschrift des oesterreichischen In- 

und Architekten Vereines, 
ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrifi, 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Tidskrift, Stockholm, Swe- 

en. 

(57) Teknisk Ugeblad, Christiania,Norway. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, 50c. 

(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon-Tyne. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 


are references made this month’s list German and Swedish 


periodicals. 
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LIST ARTICLES. 
Bridge. 


for the 95th Street Bascule Bridge over the Calumet River, Chicago.* 

(13) Jan. 10. 

The Gokteik Viaduct, (14) Serial beginning Jan. 12, ending Jan. 26. 

Converting Fixed Span into Swing Span.* (13) Jan. 17. 

Steel-Concrete Piers for Clybourn Place Bascule Bridge, Chicago, (13) Jan. 17. 

The Charlestown Swing Bridge, Boston, Mass.* (13) Jan. 24. 

Bascule Bridge over the Chicago River Clybourn Place, Chicago.* (13) Jan. 31. 

Novel Suspension Bridge.* (14) Feb. 

103-Ton Plate Girder.* (14) Feb. 

The Charlestown Bridge, Boston.* (16) Feb. 

Nouveau Type Pont Suspendu Rigide. Gisclard. (43) Trimestre, 
1900, 

Electrical. 


Electrical Oscillations and Electric Waves. Dr. Fleming. (29) Serial beginning 
Dec. 28, ending Jan. 18. 

New Page-Printing Telegraph.* William Vansize. (42) Jan. 

Air-Gap and Core Distribution. The Magnetic Flux and Its Effect upon the Regulatio 
(42) Jan. 

Electric Power Engineering Works.* Louis Bell. (9) Jan. 

The Electric Distribution Power Workshops.* (3) Jan. 

Beckenham Electricity Works.* (26) Jan. 

Electric Automobiles: and Forecast. Henry Joel. (26) Jan. 

Electric Traction and Transmission New Century. Philip Dawson. (26) Jan. 


One Dealing with the High Voltage Arc Lamp Trouble. Griffin. (26) 
an. 


Parallel Running for Central Stations. Lee. (26) 

the Manhattan Elevated Railway.* (27) Serial beginning Jan. end- 
ing Jan. 12. 

The New Station the New York Electric Vehicle Transportation Co.* Fliess. 
(27) Serial beginning Jan. ending Jan. 12. 

Ocean Cables. Marsh. (62) Jan. 10. 

Nottingham Corporation Electric Lighting and (26) Jan. 11. 

Machines Exhibited the Paris Exhibition. (26) 

an. 11. 

Some Experiments the Propagation Hertzian Waves along Wire and through the 
Air. Emile Guarini. (26) Serial beginning Jan. 11, ending Jan. 18. 

The Case for Electric Power Distribution. (26) Serial beginning Jan. 
ending Jan. 18. 

The Exchange the Atlanta, Ga.. Standard Telephone Co.* Jan. 12. 

Economies the Installation Electric Tramway Plant.* W.H. Booth. (26) Jan. 18. 

Peterborough Electricity Works.* (26) Jan. 18. 

The Electric Travelling Crane.* (22) Jan. 18. 

The Use Aluminium Electrical Conductor, with New Observations upon the 
Durability Aluminium and other Metals under Atmospheric Exposure. John 
Kershaw. (26) Jan. 18. 

Electrical Equipment High Power Guns.* Grahame Powell. (27) Jan. 

Notes Electrical Development and Experience the Cripple Creek Mining District, 
Colorado. Cravath. (27) Jan. 19. 

The Telegraphone.—A Magnetic Speech Recorder.* Valdemar Poulsen. (19) Jan. 19. 

Meter for Alternating Currents.* (26) Jan. 25. 

The Accumulator Source Economy Electric Traction. Booth. (26) 


25. 

Electricity Works Tramways.* (26) Serial beginning Jan. 25, ending 
eb. 

Dr. Improvements Long-Distance Telephony.* Herbert Wade. (19) Jan. 


Notes Electric Light and Power Work Butte, Mont.* Cravath. (27) Jan. 26. 
Four-Motor Electric Travelling Crane.* (47) Jan. 26. 

The Washington, C., Electric Automobile Service.* (27) Jan. 26. 

Aerial Electric Traction. Alton Adums. (10) Feb. 

Electric Power Machinery Iron and Steel Works.* Sydney Walker. (9) Feb. 


Some Power Transmission Difficulties High-Tension Electric Circuits.* 
Edmands. (10) Feb. 


Northwick Works.* (26) Feb. 


ree-Phase Working the Twentieth Century. Val. Fynn. 
eb. 


Electric Cars. Prof. George Morse. (17) Feb. 
The Dudley Corporation Central Station.* Ernest Phillip. (17) Feb. 


The Surface Contact System the British Schuckert Electric Company.* (17) Feb. 
Automatic Electric Cableway.* (13) Feb. 


Electric the Beginning the Twentieth Century. (27) Feb. 
Some Recent Tests Magnetic Circuit Breakers.* Hugh Brown. (27) Feb. 
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The Automatic Telephone Exchange New Bedford, Mass.* (27) Feb. 
The Evolution the Stock Ticker.* Edward A.Calahan. (27) Feb. 
‘Lhe Telephone Auto-Commutator.* (46) Feb. 


Tramway Electrique Contacts Superficiels: Vedovelli Priestley.* 
Delasalle. (36) Dec. 25. 


roupe Electrogéne 330 Kilowatts, Stork Fréres Cie.* Georges Henry. (33) Dec. 
9. 


Recherche Poids d’Accumulateurs Electriques Nécessaires Propulsion d’un 
Vehicule. Dujon. Jan. 25. 


Groupe Electrogéne ilowatts, Erste Briinner Maschinenfabrik Ganz Cie.* 
Georges Henry. (33) Jan. 26. 
Marine. 


German Battleship, (12) 28. 

Life-Saving the Paris Exhibition.* (12) Jan. 

The Use Searchlights Naval Warfare. (26) Jan. 

and Marine Engineering 1900. (11) Serial beginning Jan. ending 


The French Submarine Boats. (12) Jan. 18. 

Submarine Boats.* Jan. 25. 

The Coaling Stations the United States Navy.* Waldon (62) Jan. 31. 
The Hamburg-American Yacht Prinzessin Victoria Luise.* (46) Feb. 


Mechanical. 


Steam Turbines—With Special Reference the Westinghouse-Parsons Steam Turbine.* 
Francis Hodgkinson. (58) Nov. 


Fuel Economy.* Hubbell. (61) Dec. 

Holders the Birmingham Gas-Works. (12) Serial beginning Dec. ending Dec. 28. 

Power-Gas and Large Gas Engines for Stations. Herbert Humphrey. (11) 
Serial beginning Dec. 21, ending Jan. 11. 

Belleville Boiler-Making Machinery.* (12) Dec. 28. 

The Causes Rapid Wear and Tear Fire-Boxes Locomotives.* Robert Weather- 
burn. Dec. 28. 

Study Modern Foundry Practice.* Longmuir. (9) Jan. 

Dies for Drawing Wire—Their Manufacture and Use. William Pierson. (8) Jan. 

Mechanism for Boring Elliptical Cylinders. (8) Jan. 

The Rites Shaft Governor. Charles Buerger and Charles Brackett. (8) Jan. 

Elementary Graphics and Thermodynamics. Robert Thurston. (3) 
Serial beginning Jan., ending Feb. 

Direct Connected Steam Engines and Generators.* Frank Perkins. 
beginning Jan. ending Jan. 10. 

The Koerting Two-Cycle 350 Horse-Power Gas Engine.* (12) Jan. 

Pneumatic Tools and Foundry Service.* W.H.Pressinger. (62) Jan. 10. 

The Evans Multiphase Rotary Engine.* (20) Jan. 10. 

Ropeway the New Beachy Head Lighthouse.* (11) Jan. 11. 

Marine Engine Shafting. (47) Jan. 12. 

The Working Regenerator Furnaces. Chandley. (24) Jan. 14. 

—Its Progress and Commercial Advantages.* Henry Mould. (62) Jan. 


(20) Serial 


The Morgan Continuous Gas Producer.* (20) Jan. 17. 
Crossley Gas Engines and Pierson Gas Producers the Cassel Tramways. (11) 
Engines and Boilers the Inchdune and Inchmarlo.* (11) Jan. 18. 

The Boiler Explosion. (12) Jan. 


Machine Tools Henry Maudslay.* (11) Serial beginning Jan. 18, ending 
eb. 


Gas Engine Built Same Lines Steam Engines.* (62) Jan. 24. 

New Riedler Air Compressor.* (14) Jan. 26. 

Test Parsons Steam Turbine Driving 000-Kilowatt Alternator.* (14) Jan. 26. 
The Duff Gas Producer and Ammonia Recovery Plant.* (24) Jan. 28. 

Belt Driving—Its History and Advantages.* John Tullis. (62) Jan. 31. 


Mill for Rolling Edges Together with Flat Shapers.* Albert Heinle. (62) 
an. 31, 


The McCabe Improved Double Spindle Lathe.*. (20) 31. 
Steam and Water Appliances for Water-Tube (9) 


British Vertical Steam (10) Feb. 

Cranes the Paris Exhibition.* Joseph Horner. (10) Feb. 

Engine-Dynamo Construction.* (41) Feb. 

High Speed Toothed Gearing.* James Christie. (2) Feb. 

Interchangeable Gearing. Wilfred Lewis. (2) Feb. 

Reducing the Cost Machine Work. W.D. Forbes. (10) Feb. 

The Colwell Rotary Engine, Reciprocating Engine and Condenser.* (19) Feb. 

The Philadelphia City Hali Clock.* Johnson, (3) Feb. 


Greater Economy Gas Engines Compared with Steam Engines. Herbert Hum- 
phrey. (62) Feb. 
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Mechanical 


Hydrostatic Tools Railway Service.* George Gillon. (13) Feb 

Regulating the Air Supply Consuming Mixed Coal Water Gas. 
Leicester Greville. (24) 

Détermination Certains des Moteurs Vapeur Vue Régulation. 
Delaporte. (37) Dec 

Essai sur Théorie des Jules Deschamps. (37) Dec. 

Théorie Machine Vapeur Révélateur Donkin. seph Nadal. (37) Dec. 


autres que Ceux Vapeur 1900. Leroux. (32) 


Les Pompes Express Riedler Commande Rouy. 


Jan 


Rotatif Hult.* Emile (36) Jan. 25. 
Gazogénes pour Jules Deschamps. (33) Jan. 26. 
Metallurgical. 


Stamp Milling Free Gold Ores.* Dana Harmon. (1) Dec. 

The Effect Annealing upon the Physical and Microstructure Low 
Carbon Steel.* Henry Fay and Stephen Badlam. (7) 

Daelen anu Pszezolka. (22) Jan. 11. 

The Dev and Steel Industries Eastern Canada.* Steven Barrie. 
(22) Jan 

The Gold Ores Mount Morgan, Queensland. Ernest Willoughby Nardin. 
(16) Jan 

The Works and Operations the Bethiehem Steel Com (22) Jan. 25. 

The Kernohan Steel Process.* (20) 

Ore-Roasting Furnace.* (41) Feb. 

Foundry Iron. Captain (20) Feb. 

The Hardening anc Tempering Plant Williams Co.* (20) Feb. 

Military. 


New Quick-Firing Gun.* (46) Jan. 12. 
The New Rifle the German Army.* (19) Feb. 
Mining. 


Self-Acting Incline for Large Coal Output.* Dec. 28. 
Principles and Methods Profitably Working the Mine. A.G.Charleton. (9) Jan. 
The Practical Management Mining Operations. John Hardman. Jan 


Proposed New Method Raise Coal, Shafts. W.S. Gresley. (22) Jan. 
Ashley’s Patent Mine Pump.* (47) Jan. 

Mining Machinery for the Philippines. (16) Jan. 19. 

Mining the United States.* Waldon ‘aweett. 62) Jan. 

Gold Dredging California.* Thomas Barbour. (16) 

Gold Mining Developments Georgia.* Prof. Wilber Colvin. (16) Jan. 26. 
The Bora Creek Silver District, New South Wales.* (16) Jan. 26. 

The New Texas Oil Fields.* Jan. 26. 

Gold Mining and Milling Western Australia.* (9) Feb. 
Norton Coal Mines Norton, Virginia.* (45) Feb 

Sulphur Mining the North Pacific.* Crawford, Jr. (10) Feb. 
The Tong Colliery, Kaiping, North China. Thomas Webster. (45) 
Metalliterous Mining India. John Evans. (29) Feb. 

The Opening Mines Tunnels.* Brunton. (16) Feb. 

The Beaumont Oil Field, Texas.* William Phillips. (16) Feb. 


Miscellaneous. 
Westinghouse—Inventor, Organizer, and Director.* McFarland. (9) 


Lord and the Elswick Works.* Benjamin Taylor. (9) Jan. 
The Founders the Krupp Establishments.* (9) Jan. 
The Huge Enterprises Built Andrew Carnegie.* Charles Schwab. (9) Jan. 


Nineteenth Century Engineering: Its Evolution, and Something Its Beginnings 
America. Edgar Marburg. Feb. 


Meteorological Instruments.* Prof. Hans Hartl. (19) Feb. 
The Design Retaining Walls. Chas. Can. (13) Feb. 
Municipal. 


Municipal Improvements (13) Jan, 10. 
The New Jersey State Road ystem. (14) Jan. 19. 

Modern Brick Pavements. Tarrant. (14) Jan. 
Municipal Improvements Ga.* (13) Jan. 31. 


Wagon Transportation and the Maintenance Earth Roads. (13) 


Engineering Work the City Havana.* (13) 
Paving Brick Specifications and Tests. (16) Feb. 
The Lighting City Streets.* (24) Feb. 11. 


eschamps. 
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Railroad. 


American Practice Block Signaling.* (15) Serial beginning Jan. 
1900, ending Dec. 28. 


Box Raised Patches and the Best Method Applying Them Fireboxes.* 
Graves. (61) Dec. 

The Car Journal Bearing and Hot Boxes.* Bush. (61) Dec. 

Joint Other Devices for Preventing Creep.* Serial beginning Jan., 
ending Feb. 

The Paris Exaibition—Express Engine with Auxiliary Driving Gear.* (12) Jan. 

New Process for Finishing Rails Low Temperature; Edgar Thomson Steel Works, 
Pittsburg, Pa.* (13) Jan. 10. 

Tunnel; Great Northern Ry.* John Stevens, Am. (13) 

an. 10. 

British and French Train Services 1900. Charles Rous-Marten. (12) Jan. 11. 

Corrugated Fire-Boxes for Locomotives. (15) 

Laycock’s Brake for Railway Wagons.* (11) Jan. 11. 

The Webb Thompson Electric Switch and Signal Apparatus.* (15) Jan. 11. 

Wide Fire-Box, Atlantic Type —Baltimore Ohio Railroad.* (15) Jan. 11. 

Section Third the New York Rapid Transit Subway.* (14) Jan. 12. 

Steam Ditching Car, Kansas City Southern Ry.* 12. 

The McKenna Process Renewing Old Steel Rails.* (20) Jan. 17. 

The Reconstruction the Utah Central Railway.* W.P. Hardesty. (13) Jan. 17. 


Rating and Loading Engines Freight Service. Thos. Tait. (15) 
an. 


Automatic Block Signals the Fort Wayne.* (15) Jan. 18. 

Derailments and Conclusions Drawn Therefrom. Elliott. (40) Jan. 18. 
Renewing Old Steel Rails.* (40) Jan. 18. 

Ten-Wheel Passenger Locomotives—Atchison, Topeka and Santa Fé.* (15) Jan. 


18. 
The Slack Steel Cars.* (15) Jan. 18. 
Tramways Large Cities. (26) Jan. 18. 


Great Central Railway—Victoria Station, Nottingham.* (12) Serial beginning Jan. 18, 
ending Jan. 25. 


American Car Ferries.* Waldon Fawcett. (46) Jan. 19. 

The Rapid Transit Tunnel.* (46) Jan. 19. 

Report the Street Railway Commission the City Council Chicago. (17) Serial 
beginning Jan. 19, ending Jan. 26. 

Curvature Rails during the Rolling. Heinle. (62) Jan. 24. 

Passenger Locomotives—Atchison, Topeka and Santa Fé, Class B-15.* (15) 

an. 

The Pennsylvania Railroad’s Spring Plant Altoona.* (15) Jan. 25. 

Why ers Fail. 15) Jan. 25. 

Frictional Effect Railway Trains upon the Air. (18) Jan. 26. 


Locomotive with Auxiliary Driving Axle.* Frank Perkins. (46) 
an. «0, 


Work the New York Rapid Transit Railway.* (17) Jan. 26. 

New Manual Interlocking Machine.* (13) Jan. 31. 

Air Brake Repairs: Serious Matter Neglected. (39) Feb. 

Central Atlantic” Passenger Locomotive.* (25) Feb. 

Cars Pounds Capacity, Norfolk Western Railway.* 
(25) Feb. 

Compound Atlantic Passenger Locomotive, with Wide Firebox, Baltimore 

hio Railroad.* (25) Feb. 

Passenger Coach Sanitation. Hurty, M.D. (25) Feb. 

The Handy Car.* (39) Feb. 

The Locomotive-Truck Brake. (39) Feb. 

The Question the Cost High-Speed Trains. Charles Rous-Marten. (9) Feb. 

The Webb and Thompson Electric Point and Signal Apparatus.* (21) Feb 


Type Locomotives—New York Central Railroad.* 
15) Feb.1. 


New Car Fender.* Feb. 

Concrete Work the East Eoston Tunnel. (14) Feb. 

Inner Circle London Underground Railway.* (27) Feb. 

Murphy Third Railin the Baltimore Belt Line Tunnel.* (18) Feb. 

Notable Points about the Spokane, Wash., Street Railway System.* (17) Feb. 
Notes the Denver City Tramway.* (17) Feb. 

Proposed Equipment the Inner Circle Railway, London.* (17) Feb. 

Signaling Trains through the St. Louis Tunnel.* (18) Feb. 

The Completion the Albany and Hudson Third Rail Electric Railway.* (17) Feb. 
The Freight Car.* (40) Feb.1. (18) Feb. 

The Ohio River Electric Railway and Power Company.* (17) Feb. 

The Steepest Railways the United States.* Waldon Fawcett. (46) Feb. 
Underground Railway Construction London. W.H. Booth. (17) Feb. 

Unique Elevated-Underground Street Railway Boston.* Stewart. (46) Feb. 
Heavy Filling the Union Pacific.* (40) Feb. 
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Railroad—(Continued). 
Steel Hopper-Bottom Car the American Car Foundry Company.* (15) 
eb. 


The Accident Offenbach, Germany. (15) Feb. 
Features the Work Grade Reduction, Union Pacific R.* (18) Feb. 
Repairs Air Brakes Box Cars.* H.H. Harvey. (18) Feb. 
Amélioration des Transports Commun Paris. Marcel Delmas. (32) Dec. 
ouby. (3 ec. 
des Chemins Fer Est: Notices Présentées par Service Voie.* 
ec. 
Pose Voie. Comparaison des Divers Modes Travail Utilisés Jour. 
Seymat. (32) Dec. 
Quelques Observations Relatives aux Locomotives Exposition 1900. (36) Dec. 25. 
Locomotive Grand Vitesse, Systéme Thuile, Société Etude des Trains Interna- 
tionaux. Fleuter. Jan. 
Les Locomotives 1900: Locomotive Compound Articulée, Systéme 
Mallet.* Barbier. (33) Jan. 
Notice sur Souterrain des Echarmaux, Ligne Paray-le-Monial Lozanne.* 
Pouthier. (43) Trimestre; 1900. 


Sanitary. 


New Sewage Paris. (12) Jan. 11. 

Stream Pollution, Sewerage and Sewage Disposal Connecticut. (13) Jan. 17. 
Ventilating and Heating the Palace the Crown Prince Japan.* (14) Jan. 19. 
Tunneling through Fine Sand (Sewer Construction).* (14, Jan. 26. 

Garbage Disposal Indianapolis, Ind. (13) Jan. 31. 

Plumbing the Astor Apartment House.* (14) Feb. 


Combination Hot-Air and Hot-Water Heating. Prof. Carpenter. 
14) Feb. 


New Garbage Furnace Atlanta, Ga. (13) Feb. 


‘The Sewerage System and Sewage Farm the Melbourne and Metropolitan Board 
Works. (13) Jan. 24. 


‘The Disposal Refuse the Twentieth Century. Watson. (26) Jan. 25. 
Central Station Heating. William Bryan. (14) Jan. 26. 
Low-Pressure Steam Heating France.* Gustave Debesson. (14) Jan. 26. 


Structural. 
City Plant the National Enameling Stamping Company.* (20) Jan. 


Fire-Resisting Wood. (12) Jan. 11. 

The Internal Architecture Steel.. Arnold. (12) Jan. 11. 

The Works and Product the Portland Cement Company. (15) Jan. 

The Agricultural Building the Pan-American Exposition.* (14) Jan. 12. 

The Building and Repairing Tall Chimneys.* (46) Jan. 12. 

Waterproofing the Basement the Government Printing Office Building. (14) Jan. 12. 
United States Steel New Plant.* (20) Jan. 17. 


New Shops the Wisconsin Central Fond Lac.* (18) Jan. 19. 
Tests Malleable Iron.* (40) Jan. 25. 

360-Foot Single-Shell Chimney.* (14) Jan. 26. 

Riddles Wrought Iron and Steel. Paul Kreuzpointner. (10) Feb. 
Underpinning High Masonry Structures.* (14).Feb. 

The Music Hall the Pan-American Exposition.* (14) Feb. 


Water Supply. 


Permanent Standards for Use the Analysis Water. Daniel Jackson. (7) Dec. 
Distilled Water for Ice-Making Plants.* Hal Williams. (12) Dec. 


Testing Large Water Meters.* Lewis Nash. (8) Jan. 

Artesian Boring Gainsborough.* (11) Jan. 

Water Purification Louisville.* (14) Serial beginning Jan. ending Jan. 19. 

The New Clear-Water Reservoir Louisville, Ky.* Jan. 10. 

Hydraulic Power Plant, Montmorency Falls, Canada. Geo. Bowie. (12) Jan. 11. 

Masonry Dams and Retaining Walls. Charles Baillairgé. (14) Jan. 12. 

The Babylon Water Plant.* (14) Jan. 12. 

The Hartford Vitrified Water Conduit. (14) Jan. 12. 

The Hug Water Wheel.* (16) Jan. 12. 

Proposed New System Mechanical Filtration for Louisville, Ky.* (13) Jan. 17. 

Power Plant the Snoqualmie Falls, U.S. A.* (12) Jan. 18. 

Practical Notes Water-Power for Electrical Purposes. Yorke. (26) Jan. 18. 

Covers for Slow Sand Water Filters. Allen Hazen, (13) Jan. 24. 

Irrigation Farming the Southwest.* Allen Willey. (46) Jan. 26. 

New Water Power Carrying Power from Apple River St. 
Paul, A., volts.* Charles Fitch. (10) Feb. 

Water Power for Electrical Purposes. Yorke. (47) Feb. 

Les Turbines MM. Singrun Fréres Exposition 1900.* (36) Jan. 10. 


CURRENT TECHNICAL LITERATURE. 


Water Supply—(Continued). 


Considérations Pratiques sur des Eaux Destinées des 
Générateurs.* Bertrand. (33) Jan. 19. 


Travaux Extension Service des Eaux Lyon.* Eugéne Résal. (43) 
Trimestre, 1900. 


Waterways. 


Central American Ship Canals.* (12) Serial beginning Oct. 26, ending Dec. 28. 

Harbors and Waterways the Nineteenth Century. (12) Jan. 

The Bates Hydraulic Dredger.* Jan. 11. 

Dredges for the New 40-Foot Channels New York Harbor.* (46) Jan. 12. 

The Water Supply Lake Nicaragua: Reply Criticisms the Hydrographer 
the Nicaragua Canal Commission. Angelo Heilprin. (19) Jan. 12. 

Improvements the Mouth the Yazoo River.* (18) Jan. 26. 

American Canals—Topical Discussion: The Topography and Hydrography 
the Isthmian Region, James Christie; The Engineering Features the Nicaragua 
Route, Edwin Smith: The Panama Route, Louis Schermerhorn.* (2) Feb. 

Russia’s System Internal Waterways.* Alexander Hume Ford. (9) Feb. 

New York State Canal Situation. (15) Feb. 

The New Panama Canal Proposals. (11) Feb. 

The Development Electric Traction Canals.* (27) Feb. 

The Canals Canada.* Waldon Fawcett. (46) Feb. 

Les Prescriptions Service concernant les Travaux Hydrauliques Prusse. Des- 
met. (30) Dec. 

Nantes—Port Industriel.* (30) Dec. 

Les Ports Tunisiens.* (36) Jan. 10. 

L’Alimentation Artificielle Neste: Aménagement Lac Caillaouas.* 
Frick. (33) Jan. 12. 

Etude sur Régime Marée dans les Estuaires dans les Fleuves. Bourdelles. 
(43) Trimestre, 1900. 

Hydraulique des Cours d’Eau: Barrages Encombrement Barrage Lit Evasé, 
sans Encombrement: Note. Vauthier. (43) Trimestre, 1900. 

Note sur les Calculs Résistance d’une Carcasse Porte Gustave Cadart. 
(43) Trimestre, 1900. 
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Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


ENGINEERING STUDIES. 


Charles Evan Fowler, Am. Soc. Paper, 104 
New York, The Engineering News Publishing Company, 
1899-1900. cents per vol. 


Thisis collection views engineering works which short descrip- 
tions and criticisms are appended. The contents are: PartI, American Stone Arches; 
Part Roman Stone Arches. 


THE WINSLOW TABLES. 


Diagrams for Calculating the Strength Wood, Steel and Cast-Iron 
Beams and Columns. Benjamin Winslow. Cloth, ins., 
pp., pl. NewYork, The Engineering News Publishing Company, 


The author states that his purpose preparing this work furnish engineers, 
architects and others interested construction, rapid and easy means comput- 
ing the sizes beams and columns the use graphical tables. believed that 
this work includes all ordinary cases that are likely occur building construction. 
attempt deal with complicated engineering problems has been made. 


STANDARD POLYPHASE APPARATUS AND SYSTEMS. 


Cloth, ins., 249 pp., illus. New York, Van Nostrand Com- 
pany, 1900. 


the preface, the author says that the development polyphase apparatus and the 
applications polyphase systems the solution engineering problems have been 
rapid that available literature the subject which once practical and 
todate. This book answer the demand for information the 
istics and uses the various types polyphase apparatus, and the actual working 
the several polyphase systems now sanctioned the best practice. The headings 
chapters are: Definitions Alternating-Current Terms; Generators; Induction Motors; 
Synchronous Motors; Rotary Converters; Static Transformers; Station Equipment and 
General Apparatus; Two-Phase System; Three-Phase System; Monocyclic System; 
Choice Frequency; Relative Weights Copper for Various Systems; Calculation 
Transmission Lines. There index seven pages. 


DYNAMO ELECTRIC MACHINERY; 


Its Construction, Design and Operation. Direct Current Machines. 
Samuel Sheldon, assisted Howard Mason. Cloth, ins., 
281 pp., illus. New York, Van Nostrand Company, 1900. 
net. 

This book intended used primarily connection with instruction courses 
electrical engineering institutions for technical education. intended also for 
the general reader and serve book reference for engineers. The contents are: 
Electrical Laws and Facts; Magnetic Laws and Facts; Armatures; Field 
Operation Armatures; Efficiency Operation; Constant Potential Dynamos; Con- 
stant Current Dynamos; Motors; Series Motors; Dynamotors; Motor-Generators, and 


Boosters; Management Machines; The Design Machines; Tests. There index 
five pages. 


FOWLER’S ELECTRICAL ENGINEERS’ YEAR BOOK, 1901. 


Compiled and Edited Herbert Ade Clark and William 
Fowler. Leatherette, 423 pp., illus. Scientific Publishing 
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Company, Manchester, England. Red edges, post free, 1s. 9d.; Gilt 
edges, post free, 2s. 9d. 


The Preface states that this book the outcome suggestions from numerous 
friends, who. while appreciating the section electrical matters given Fowler’s 
Mechanical Engineers’ Pocket Book,” were the opinion that did not fully meet the 
requirements thosé exclusively devoted the field Electrical Engineering. The 
scope the book shown the following headings: Electrical Units; Electrical 
Measurements and Testing; Regulations Regard Wiring; Measuring Instruments; 
The Electro Magnet; The Dynamo and the Motor; Electric Lighting; Circuit Breakers 
and Lightning Arresters; Alternate Electric Currents: Alternate Current Machines; 
Electric Traction; Electrical Power Transmission; Terrestrial Magnetism; Tables. 
There are sixty-four tables and index twenty-four pages. 


ENGINE TESTS. 


Embracing the Results Over One Hundred Feed-Water Tests, 
and Other Investigations Various Kinds Steam Engines, Con- 
6ins., 339 New York, Van Nostrand Company, 1900. 
$4.00. 

The author believes that the data here presented will prove value the engineer- 
ing profession, owners and intending purchasers steam plants, and any who are 
interested the economical production power. The contents are: Introduction; How 
the Feed-Water Tests were Conducted: Measurement the Feed-Water; Indicating; 


General Method Carrying the Feed-Water Test; Leakage Tests Valves and 
Pistons; Calibration Instruments; Manner Working the Tests; Table 


Feed-Water Tests Simple Engines; Feed-Water Tests Compound Engines; 


Tests Triple Expansion Engines; Summary Feed-Water Tests; Review 
Feed-Water Tests; Valve Setting; Steam-Pipe Diagrams. 


EXPERIMENTAL ENGINEERING. 


Treatise Methods and Instruments Used Testing and Experi- 
menting with Engines, Boilers, and Auxiliary Machinery. 
Pullen, Inst. Cloth, 654 pp., illus. Manches- 
ter, Eng. The Scientific Publishing Co. shillings net. 


‘An attempt has been made this book place before engineers and students 
detailed account some the methods carrying out experiments upon engines, 
boilers, and their auxiliary machinery, together with description the apparatus 
used. The contents are: Introduction, Mechanical Calculators; Measurement 
Pressure and Temperature; Tables; Counters and Speed Indicators; Measuremert 
Power with the Dynamometer; Measurement Power with the Indicator; Errors 
Indicator Analysis the Indicator Diagram; Adjustment the Slide Valve; 
Pump Diagrams; Miscellaneous Diagrams; Measurement the Quality Steam; Measure- 
ment Steam and Water; The Distribution Energy Its Way through the Engine; 
Boiler Testing; Gas Engine Experiments; Some Typical Installations, 
withthe Results some Typical Experiments. There index fourteen pages. 


THE CEMENT INDUSTRY. 


Descriptions Portland and Natural Cement Plants the United 
States and Europe, with Notes Materials and Processes Portland 
Cement Manufacture. Reprinted from The Engineering Record. Cloth, 
ins., 235 pp., illus. New York, The Engineering Record, 1900. 
00. 


The various chapters this book were written individually Messrs. New- 
berry, Frederick Lewis, Henry Meyer, Jr., Horace Haight, Lathbury 
Spackman, and Watson Valdenburgh, Jr. 

The Portland Cement—Sketch Materials and Process; The Portland Ce- 
ment Plant the Coplay Cement Company,Coplay,Pa.; The Plant the Bronson Portland 
‘Cement Company, Bronson, Mich.; The Empire Cement Plant, Warners, Y.; 
The Buckeye Portland Cement Plant, near Bellefontaine, Ohio; Western Portland Cement 
Company’s Plant, Yankton, D.; New Works the Coplay Cement Coplay, 
Pa.; The Plant the Michigan Portland Cement Company, Coldwater, Mich.; The Works 
the Nazareth Portland Cement Company, Nazareth, Pa.; The Vulcanite Portland Ce- 
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ment Company’s Works, Vulcanite, J.; New Works the William Krause Sons 
Cement Company, Martins Creek, Pa.; The Plant the Lawrence Cement Company 
Pennsylvania, Siegfried, Pa.; The Virginia Portland Cement Company’s Works, Craigs- 
ville, Va.; The Whitehall Portland Cement Works, Cementon, Pa.; The Plant the Law- 
rence Cement Company, Binnewater, Y.; The Plant the New York and Rosendale 
Cement Company, Rondout, Y.; The Plant the Milwaukee Cement Mil- 
waukee, Wis.; The Natural Cement Plant Speeds, Ind.; The Plant the Maryland 
Cement Company, Sparrows Point. Md.; The American Rotary Kiln Process for Portland 
Cement; Plants England and Plants Germany; Plants France. 


FIELD-MANUAL FOR RAILROAD ENGINEERS. 


occo, 7x4 ins., 403 pp. New York, John Wiley Sons, 1899. 
$3.00. (Donated the Author.) 


The author states that insure ease reference, effort bas been made this 
work secure systematic arrangement the subject-matter and uniformity terms 
and notation. knowledge the elements geometry and trigonometry has been 
assumed, and only the derivation few formulas connection with the theory 
transition-curves will any higher mathematics needed. The book has been written 
that may used text-book well for reference the field. The headings 
chapters are: Preliminary Surveys; Location; Transition-Curves; Frogs 
and Switches; Construction; Tables. 


MODERN LOCOMOTIVES. 


Specifications and Details Typical American and 
European Steam and Electric Locomotives. One-Half Morocco, 
ins., 532 pp., illus. The Railroad Gazette, New York, 1901. 
$7.00. 


The preface states that this 1901 edition the 1897 edition with the addition speci- 
fications and more than 400 engravings, showing the progress made from 1897 the 
present time. 


THE SEPARATE SYSTEM SEWERAGE; 


Its Theory and Construction. Cady Staley, Am. Soe. E., and 
Geo. Pierson, Am. Soc. Third Edition, Revised and 
Enlarged, with Chapter Sewage Disposal. Cloth, ins., 324 
pp., illus. New York, Van Nostrand Company, 1899. $3.00. 


The pretace the first edition states that the object this book explain what 
the Separate System is, what desigued do, and give practical directions for de- 
signing and constructing sewers accordance with that system. this edition the 
greater part the book has been rewritten, statistical tables revised, new matter added, 
and old matter eliminated. The chapters are: Introduction; Water Car- 
riage Systems; The Separate System; Plans; Quantity Sewage; Laws Flow 
Sewers; Material and Accessories; Specifications and Contract; Construction; Flushing 
and Ventilating; House Drainage and Plumbing: Cost and Assessments; Combined 
Sewers; Sewage Disposal; Purification Sewage Application the Soil. 


ELEVATION AND STADIA TABLES 


For Obtaining Differences Altitude for all Angles and Distances; 
Horizontal Distances Stadia Work, with all Necessary Correc- 
tions, together with Hydraulic Tables, Giving Velocities for Various 
Channels and Slopes. Arthur Davis, Am. Cloth, 
pp. $1.00. New York, John Wiley Sons, 1901. 


THE USE THE SLIDE RULE. 


Van Nostrand Company, 1899. cents. 


The author states that this book mainly reprint series articles which orig- 
inally appeared the American Machinist. taken instruction book 
acquiring ready use the slide rule, necessary havean understanding 
their working property and knowledge the manner which the rule made take 
the place table logarithms. 
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HIGHER MATHEMATICS. 


Text-Book for Classical and Engineering Colleges. Edited 
Mansfield Merriman and Robert Woodward. Third Edition, 


Revised. Cloth, 576 pp. New York, John Wiley Sons, 


The this work suitable text-book for those students who, having 
finished the elementary course calculus, desire continue study pure mathematics. 
The contents are: The Solution Equations. Mansfield Merriman; Determinants, 
Laenas Gifford Weld; Projective Geometry, George Bruce Halsted; Hyperbolic 
Functions, James McMahon; Harmonic Functions, William Byerly: Functions 
Complex Variable, Thomas Fiske; Differential Equations, Woolsey 
Johnson; Grassmann’s Space Analysis, Edward Hyde; Vector Analysis and Quat- 
ernions, Alexander Probability and Theory Errors, Wood- 


ward; History Modern Mathematics, David Eugene Smith. There index 
pages. 


RESERVOIRS 


For Irrigation, Water-Power, and Domestic Water-Supply. With 
Account Various Types Dams and the Methods and Plans 
Their Construction. Together with Discussion the Available 
Water-Supply for Irrigation Various Sections Arid America; 
The Distribution, Application, and Use Water; The Rainfall and 
Run-Off; The Evaporation from Reservoirs; The Effect Silt upon 
Reservoirs, etc. James Dix Schuyler, Am. Soc. Cloth, 


ins., 414 pp., maps, illus. New York, John Wiley Sons, 1901. 
$5.00. 


Introduction the author says: purpose this. work familiarize the 
public with the details construction, and the general features interest 
the principal reservoirs constructed projected the Western States and Territories 
which have come within the knowledge the observation the writer, describing 
popular way their characteristics, their water-supply, the results accomplished them 
and the methods and materials employed the construction the dams which form 
them. The work does not pretend exhaustive treatise the subject dam 
construction Western nor does assume cover the field account 
all the important dams which have been The contents are: Rock-Fill Dams; 
Hydraulic-Fill Dams: Masonry Dams; Earthern Dams; Natural Reservoirs; Projected 
Reservoirs; Appendix containing tables reservoir areas, etc. 


HYDRAULIC POWER ENGINEERING. 


Practical Manual the Concentration and Transmission 
Power Hydraulic Machinery. Croydon Marks, Inst. 


Cloth, 360 pp., illus. New York, Van Nostrand 
Company, 


this volume attempt made give outline discussion and description 
the main points and requiring attention engineers having the responsibility 
designing constructing works and appliances for the utilization water for the 
transmission power. The headings chapters are: Principles Hydraulics; The 
Observed Flow Water; Hydraulic Pressures; Material; Test Load; Packings for Sliding 
Surfaces; Pipe Joints; Controlling Valves; Platform Lifts; Workshop and Foundry 
Cranes; Warehouse and Dock Cranes; Hydraulic Accumulators; Presses for Baling and 
Other Purposes; Sheet Metal Working and Forging Machinery; Hydraulic Riveters; 
Hand and Power Pumps; Steam Pumps; Turbines; Impulse Turbines; Reaction Turbines; 


Design Turbines Detail: Water Wheels; Hydraulic Engines; Recent Achievements; 
Appendix. There index four pages. 
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DONATIONS:TO THE LIBRARY. 
From Jan. 1901, 1901. 


Am. Inst. Min. Engrs. pam 

Assoc. Bridges and Build- 
ings. 

Boston Transit Comm. vol. 

Cal. Acad. Sci. 

Cal. State Min. Bureau. vol. 

Chandler, Charles pam. 

Colo. State Eng. 

Cooper, bound vol., vol., 
specif. 

Eng. News Pub. Co. bound vol., vol. 

Engineering Record, The. bound vol. 

Eng. Soc. the Univ. Iowa. vol. 

Hartrick, 

India Pub. Works Dept. bound vol. 

Inst. Civ. Engrs. vol. 

and Steel Inst. bound vol. 

Inst. van Ingenieurs. bound 

Madras Pub. Works Dept. bound vol. 

Martin, Wisner bound vol., pam. 

Mass. State Board Health. bound vol. 

Merchants’ Assoc. New York. 


pam 

Mont. Agricultural Exper. Station. 

Nagle, J.C. vol. 

New Cotton Mfrs. Assoc. 
vol. 

State Univ. vol. 

Nichols, Charles vol. 

North-East Coast Inst. Eng. and Ship- 
builders. bound vol. 

North England Inst. Min. and Mech. 
Engrs. 


pam. 
bound 


Ontario-Provincial Board Health. 
bound vol. 

Paine, harles. pam. 

Penn. Univ. vol. 

Phil. Soc. Glasgow. vol. 

Purdue Univ. 

Queen’s Univ. pam. 

Gazette, The. vol. 
Romana, Scuola d’Applica- 

Schrenk, Hermann von. 

Scientific Pub. Co. 

vol. 

Smithsonian Inst. bound vol. 

Soc. for the Promotion Eng. Education. 


pam 
Thompson, Robt. vol. 


Coast and Geodetic Surv. bound 
vol., vol. 

U.S. Corps Engrs. pam., specif. 

U.S. Dept. Agriculture. 

Geological Surv. bound vol., 
am., 107 maps. 

Interior Dept. vol. 

Interstate Commerce Comm. 


War Dept., Dept. Havana, Cuba. 


vol. 

Van Nostrand Co., bound vol. 

Wallace, pam 

John Sons. bound vol. 


Unknown Donors. bound vol., pam, 


G 
rf 
SEL 


x 


Affairs. MEMBERSHIP—ADDITIONS. 


ADDITIONS. 


ANDERSEN, CHRISTIAN, 
472 Park St., Portland, Ore.... 
Frew, ARCHIBALD SMITH, 
Chf. Eng., Chillagoe Railway and Mines Co., Ltd., 
Mareeba, Queensland, Australia 
Guppy, BENJAMIN WILDER, 


Jun 
Bridge Eng., Maine Central R., Portland, Assoc. 


Eng., U.S. Geological Survey, 409 Temple Court, Atlanta, 


AMBROSE VINCENT, 
Cons. Eng., American Co., 1008 Chamber 
Commerce, Chicago, Ill 
ALBERT 
Asst. Eng., Rock Island, Ill 
Watt, Davip ALEXANDER 
Asst. Eng., Bowling Green, Ky....... 


Civil Eng. for Clinton and Russell, Nassau St., New 
York City 


ASSOCIATE MEMBERS. 
ALLEN, ANDREW, 
Const. Eng., Perth Amboy Plant, The Guggenheim Smelt- 
ALFRED CARROLL, 
Contr. Eng., Wisconsin Bridge and Iron Co., Jun. 
515 Guaranty Loan Bld Assoc. 
Man., Cement Dept., Steel Co., 1060 The Rookery, 
ALLEN 
Care, Shawenegan Water and Power Shawenegan 
Harry 
Care, Midland Bridge Co., Box 385, Jun. 


Date 
Membership. 
Jan. 1901 
Oct. 1900 
June 19, 1891 
Oct. 1894 
Feb. 1901 
Feb. 1901 
Feb. 1901 
Jan. 1901 
Feb. 1901 
Feb. 1901 
Feb. 1901 
May 1893 
Jan. 1901 
Feb. 1901 
Feb. 1901 
Feb. 1901 
Feb. 1896 
Jan. 1901 
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MEMBERSHIP—RESIGNATIONS—DEATHS. 


Date 
Soper, ALBERT, Membership. 
Broadway, New York City....... Feb. 1901 
JOHN ALBERT, 
1700 Green St., Philadelphia, Pa........ Jan. 1901 


ASSOCIATE. 


Meyer, Henry 
Editorial Staff, The Engineering Record, 100 Jun. Jan. 1893 


JUNIORS. 
ALEXANDER, 
4427 Page Ave., St. Louis, 
Henry 
Box 463, West Haven, Conn..... Dec. 1900 
MacCracken, GERE, 
University Heights, New York City Feb. 1901 


WARREN AYRES, 
Asst. Eng., St. Louis Water Dept., East May St., St. 


Wetter, Francis 
Inspector, Eng. Dept. (Res., 408 Wash- 


1901 
RESIGNATIONS. 
Date 
ASSOCIATE MEMBER. 

JUNIOR. 

DEATHS. 

CHARLES Elected Member May 1893; died Jan. 

10th, 1901. 
Elected Fellow June 13th, 1883; died 


Jan. 10th, 1901. 
Lawson, Member Feb. 1893; died 
Jan. 27th, 1901. 
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AMERICAN SOCIETY CIVIL 


INSTITUTED 1852, 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 
Paper presented: 


Heavy Construction Wyoming. 


Papers which have been presented 
Canals between the Lakes and New York. 
JOSEPH MAYER and GEORGE 
The Kinzua Viaduct the Erie Railroad Company. 
Direct Method Spacing Rivets and Finding the Position, Etc., Stiff- 
eners Plate Girders. 
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Vol. XXVII. FEBRUARY, 1901. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSION. 


Society not responsible, body, for the facts and opinions 
any its publications. 


HEAVY RAILWAY CONSTRUCTION WYOMING 


There are many the East and South who have only faint ideas 


regarding the heavy construction being generally carried the 


great transcontinental railway lines their efforts reduce grades 
and straighten alignments; and these slight ideas are usually gathered 
from brief and incomplete notices appearing irregular intervals 
the daily and technical press. 

Among others, the Union Pacific Railroad has shown remarkable 
activity this direction. Its line has been shortened many miles, 
and its grades reduced maximum 0.82 1%, compensated 0.03 
for each degree curvature, the maximum curvature allowed being 
degrees. all new construction everything being carried out 
perfect working model. 

The highest summit this line Sherman Hill, elevation 
247 ft. above sea level, situated miles west Cheyenne, and 
miles east Laramie, Wyo. This has always been the béte noir 
the transportation department. overcome some its difficulties 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
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corps engineers was placed the field early 1899 locate line 
from Laramie Buford, the latter being small station miles east 
Sherman. Several months were spent locating the line, the final 
result exhibiting large amount curvature and irregular profile. 
The summit, however, was lowered 240 ft., and the maximum grade 
was obtained tunneling 400 ft. Not until the first part April, 
1900, did the company finally decide construct, and appointed 
Dunlap, Am. E., Resident Engineer charge the 
entire cut-off, with headquarters Laramie. Under his able super- 
vision the preliminary location was altered reduce the length 
tunnel 800 instead 400 ft. also made other modifica- 
tions, which reduced the cost materially. 

April 18th the contract build the line was awarded Kil- 
patrick Bros. Collins, with time limit two years, and bonus 
finished one year (which meant eight months). This firm afterward 
sublet the greater part the work, reserving for itself that portion 
from Station 978, the west portal the tunnel, Station 098, these 
120 stations being the most difficult part the entire cut-off. 

The writer had immediate charge what known the Second 
Division, extending from Station 898 Station 109, and his remarks 
will confined operations along these four miles, being the pur- 
pose present concise description possible the heaviest part 
this very heavy work. 

The curvature this division was comparatively light, the maxi- 
mum being 3°, with total 142° angles, divided between four 


curves; but the grading was extraordinary, the quantities being 
shown Table No. 


TABLE No. 
Section No. 
Summary 


West tunnelapproach. tunnel approach. 
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the 723 755 cu. yds. embankment Section 21, 475 268 cu. 
yds. were the fill Dale Creek, between Stations 088 and 098. 
See Fig. 

The work was divided follows: 

Station 907, Mahoney Brothers; Subcontractors. 
925 971, Mahoney Brothers; 
971 978, Beaumier Contracting Company; Subcontractors. 
978 098, Kilpatrick Brothers Collins; principals. 

1109, Cushing O’Keif; Subcontractors. 

This being the summit, there was bridging contend with, 
all water courses being taken care means and 30-in. cast- 
iron pipe, with the exception Dale Creek, where three lines 60-in. 
cast-iron pipe were laid concrete. This pipe was 12-ft. lengths, 
ins. thick, and its weight averaged 270 per foot. this 60- 
in. pipe 936 ft. were placed elevation 749, thus impounding ft. 
water for pumping station, Dale Creek being the only constantly 
flowing stream, any amount, the division. The contractors were 
fortunate, however, finding innumerable minor springs very 
good water all over the country. 

Snow storms were daily occurrence and the ground was covered 
with snow from ft. deep April 21st, when Messrs. Kilpat- 
rick Brothers Collins began the erection One camp 
was established opposite Station 1005 and Dale Creek. 
April 30th the writer arrived, and found that for two days there 
had been violent snow storm. The camps, however, were good 
shape and the contractors were ready and anxious begin work. 

the outset the contractors had much preliminary work; 
the building spur track two miles long for the ready delivery 
material, from the main line the Union Pacific Railroad; black- 
smith and machine shops erected; electric light and compressed 
air plants, with their attendant wire and pipe lines, installed; 
shaft for the tunnel started once; nearly two miles double- 
track 3-ft. gauge railway built; pumping station placed 
Dale Creek, with pipe line extending Station 960; besides many 
other important items, all demanding immediate and close attention, 
with not day’s time lose, the seasons this altitude and lati- 


4 q 
| 
3 
| 4 
| 


BOGGS 


HEAVY RAILWAY CONSTRUCTION. 


| 
= | 
S| 
| | 
| Pos 


| —7391.07 


OFT 
| 
| 


24 ft.'of 30-in. 
Cast-iron pipe. 


36 of 30-in, 
Cast-iron pipe. 


| 812 ft. each. 
Spaced 25 ft. apart. 
Dale Creek | 


Gibraltar 


30-in. Cast-iron pipe 


348 ft. of 12-in. Cast-iron pipe. 


pipe- 


| 
| 


000 
| 


OLL 


| 


| |P.c. 915+64, 2 


| 392 


+06. P.T. 


132 ft. of 30-1n. 
Cast-iron pipe. 


‘AIG 1 


90 ft of 20-in! Cast-iron pipe. 


72 ft. of 24-in, } 
Cast-iron pipe. 


48 ft. of 24-in. 

Cast-iron pipe. 


0062; 


0008 


| 

| | | | |E.C. 926 +/43.— | } 
| | | | | | —7879.20-—— | 
| 2 23 

| j | 

| | / | | | | | | 
| 
| | | 4 | | 
| | | | 

] | | | | | 
| | Ss 4 | 
| | | | | | 

q 


tude are very short, the last snow storm having occurred June 9th 
and the first the next season September 26th. 
The first efforts actual construction were directed toward getting 
number teams the grade between Stations 030 and 069, and 
the writer’s first duty was cross-section between these points. 
May 1st and 2d, the midst heavy squalls snow, the engineer 
corps cross-sectioned the rock hill dubbed between 
Stations 086 and 088, fifty rock men being started there once. 
the morning May 4th the east tunnel approach was cross- 
sectioned from Stations 996 and the same day 
the excavation was commenced. 
the following day cross-sections were run from Stations 971 
978, being part the west tunnel approach, and work was started 
immediately after the stakes were driven, fact, before all were in. 
this day the first steam shovel arrived. May 7th the 
foundations for the electric light and compressor plants were begun, 
and five laborers, with foreman, began sinking shaft for the tunnel 
Station 984. the same day Mahoney Brothers commenced the 
erection their camps opposite Station 955. May 15th may set 
the date the beginning actual operations, for, although number 
teams had been working the grade previous this date, was 
not until this day that the steam shovels were started, one being 
placed borrow pit opposite Station 060 and about 350 ft. the 
south, asecond beginning the east tunnel approach Station 1004. 
this time the double-track railway was completed far Station 
1070. Fig. Plate general view that portion the 
between Stations 070 and 098, lying little the left 
the center, with the Rock Gibraltar beyond and the left, the 
grade line being shown the former the cutting through its peak 
and the latter the working bench, while between the two lies 
Dale Creek and the famous fill 475 000 cu. yds. 
From this time on, machinery was rapidly put place, until 
finally there were operation eight steam shovels, and fifteen locomo- 
tives with trains from ten eighteen 3-yd. dump cars each. The 
machine drills were run compressed air, and work was carried 
both night and day, the works being lighted electricity. 
From May 15th June steam shovels and teams were engaged 
building the embankment, from Stations 070 085, high 
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the lower level shown Fig. Plate this level striking Spion- 
kop,” near the 825-ft. contour, ft. below grade. June 4th 
line following this contour closely possible was located around 
the hill for the 3-ft. gauge railway, the curves running from 
degrees. This partly shown Figs. and Stations 
and this narrow gauge line, split switch points were 
inserted, and about June 8th the active construction the immense 
fill may said have been begun, side-dumping and constantly 
throwing the track ahead. This side-dumping was continued until 
about July 19th, when, owing the failure the foundries 
supply the 60-in. pipe promptly, the work the west side the 
creek had temporarily stopped. The contractors then com- 
menced filling the grade line west shown the 
upper Fig. Prior this, however, line had been 
located and constructed the 790 ft. contour, from borrow pit 
the east side Dale Creek, around the base the 
south line slope stakes. Here, one shovel and two trains were con- 
stantly pouring material, the quadrant circle whose radius 
was the distance between the opposite slope stakes; the track being 
occasionally lengthened means temporary trestles, one which 
this line may also seen Fig. Plate was not until July 
30th that the 60-in. pipes were place, and work was resumed the 
west side. this timethe bank west Station 086 had been filled 
grade, shown Fig. Plate and became necessary 
remove the track from the south side ‘‘Spionkop,” disconnecting 
was done the east side. This continued until Station 093 was 
reached, when trestling was used, shown Fig. Plate The 
height the trestling, however, was reduced ft. having num- 
ber teams build earth bases before its construction was commenced. 
August Ist the narrow-gauge track was laid through the rock cut 
the top and the first bent temporary trestle for 
the upper and final lift was erected. Fig. Plate shows the con- 
dition the work September ‘‘Spionkop” being the 
extreme right, the first trestle the left being grade, the second 
ft. below, and the one the extreme left, coming from the shovel 
the east side, ft. below grade. December Ist saw this gigantic 
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bank 475 000 cu. yds. completed. This fill take the place 
bridge the main line high. The writer did not agree en- 
tirely with the foregoing method construction, was productive 
much expense, annoyance and delay. the opinion that 
had line been built around ‘‘Spionkop” the 790-ft. contour 
with trestling from the first, would have been found much more 
expeditious and less expensive; however, was overruled the 
matter the time, but since then has had the poor satisfaction 
having the contractors tell him that they regretted not having adopted 
his plan. 

stated, May 7th, work was begun shaft for the tunnel 
Station 984, and was continuously prosecuted, night and day, through 
the solid granite, until June 13th depth ft. was reached, 
ft. below the springing line the first difficulties 
and anxieties the engineers charge began, for now became 
necessary set grades and centers for the two headings; one working 
east, the other west. The writer had suitable instruments, the best 
being ordinary Gurley’s plain transit, and 20-in. level. also 
had two 50-ft. metallic tape lines, and two 1-lb. plumb-bobs cast 
having points diameter. Placing two3 12-in. planks securely 
over the shaft, two nails were set center and partially driven. 
wire, fastened each end the nails, was then stretched across, and 
the two plumb-bobs were suspended therefrom. Two holes, one 
each side, were then drilled ft. above the crown, two wooden plugs 
were inserted, the plumbs were again dropped and two nails set. For 
elevation, two metallic tape lines were tied together and the elevation 
was measured from bench set the edge the shaft and checked 
means wire measured exact length over the level rod. Hoist-. 
ing engines, gallows frame, and blacksmith shops were soon erected, 
and short time the center line was completely obstructed, that 
when the headings were driven about ft. each side, and centers 
had reset, the first having been blown out, became necessary 
use offset line. This, the writer disliked doing, owing the 
poor character the instruments hand; however, was imperative 
and had choice the matter. Station 992, east the shaft, 
right angle was turned and offset line ft. the south 
and carefully checked point Station 982, see that was 
point was then established opposite the shaft and line run. 
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across right angles the direction the headings. Two nails 
were again wire stretched between and the two plumb-bobs 
dropped ft. apart. distance 55} ft. was carefully measured 
the first and point set beneath the floor the shaft; the second 
was allowed remain suspended foresight. Right angles were 
then turned and offset line ft. south the center was run along 
the floor the headings both directions. For the center, the 
roof were then set from this line, and plumbs suspended from them. 
Fora check, as3 ft. the north would clear the obstructions east the 
shaft, offset line that distance was run across it, and the two plumbs 
suspended with ft. between them, point being taken below one; 
the other remaining suspended, before, for sight. 3-ft. offset 
line was run along the floor both headings, and the points the 
roof, previously set, were checked from this. These points checked 
fairly well, and were thereafter used prolong the line when necessary. 

The operations noted, while simple enough above ground, are 
very different beneath it, small comparatively dark hole, work- 
ing candle light, with the clatter machine drills all sides, 
gangs waiting, etc., especially when only very com- 
mon field instruments are available. Unless the engineer charge 
has cool, clear-headed instrumentman likely experience 
considerable trouble where the headings meet. 

one occasion, the instrumentman declared that nothing more 
could done, the cross-hairs had slackened badly, from the 
surrounding moisture, that could not set point within in. 
Something more had done, was imperatively necessary 
set center ahead; so, desperation, the writer picked couple 
candles and placed the flame under the diaphragm the cross- 
wires. This dried and straightened them up, and, with occasional 
applications the candle flame, the work proceeded. 

July 6th the heading east from the west portal Station 978, 
was started, and August 23d, Station 37, met the 
heading being driven west from the shaft. The center line was then 
carefully checked and was found exactly correct Station 
984, the bottom the shaft; while, where the two headings met, 
was found that the line from the shaft was precisely in. too far 


north, showing that slight angle had been obtained dropping the 
plumbs. 
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July 26th the heading west from the east portal was started 
and continuously driven night and day until December 8th, 
Station 988 37, met the heading driven east from the shaft. 
Work the latter heading had been stopped September 26th, after 
being driven 437 ft. that time the force was put the bench. 


The entire time occupied driving the headings shown Table 
No. 


TABLE No. 
| | 
Days. driven. feet, per day. 
Totals and average 366 4.92 


Usually, six drills three columns were worked the headings, 
the cut being drilled ft. and the round ft. The most difficult and 
treacherous rock encountered was between the shaft and the west 
portal, and all this part will have timbered; while from the shaft 
the east portal the material was very firm. The bench was taken 
out two lifts, and the progress has been shown Table No. 


TABLE No. 
Dave Feet Average rate, 
ys. feet, per day. 
Totals and average............ 331 233 


Much time was lost between the completion the heading and the 
starting the bench the west portal, the entire heading had 
slowly and carefully timbered. shown the foregoing figures, 
567 ft. bench yet remain taken out, between the shaft and the 
east portal; this, the present rate progress, will require about 


days’ more time. hoped, however, that this estimate will 
materially reduced. 
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The forces employed driving this tunnel, far, reduced 
unit one day, together with the wages paid, are shown Table 


TABLE No. 


Force, reduced 


unit one day. Wages paid. 


236 125.00 per month 


water, any amount, has been encountered. Plate illus- 
strates the method used hoisting muck the west end; being 
then run out the waste bank cars. The frame-work the right 
the dumping frame for the skips. the shaft the muck was hoisted 
cages, steel cars, which were run out the waste bank and 
dumped. the east portal, track was laid the work progressed, 
and the muck was run out through the east approach, and wasted. 

Fig. Plate ITI, view the east approach, showing the condi- 
tion the work July 23d. Fig. Plate III, another view the 
same August 25th. The tunnel heading can seen near the 
center; the right are the machine and blacksmith shops, the elec- 
tric light and compressed air plant, known ‘‘The Power 
while over the hill, and above the excavation, the top the smoke- 
stack the hoisting engine and gallows frame the shaft. 

May 22d Roman Scott, with force eleven men, about all 
that could worked advantage, began excavating the deep rock 
the hill dubbed This was peak solid granite, 
ft. above the grade line the highest point. Operations com- 
menced running ft. tunnel along the center line and 
grade for ft. ell, ft. long, was then drifted the north, and 
charged with 750 powder. Fig. Plate view the 
original hill with the tunnel entrance little the right the center. 
This excavation was completed November 

May 24th Cushing O’Keif began their 110 000-yd. embank- 
ment, 900 ft. long, and finished October 20th. 
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June 16th the Beaumier Contracting Co. started their 
000-yd. excavation, 86% which was solid rock, and finished 
December 31st. 

May 10th Mahoney Bros. started their sub-contract, and will 
probably finish February, 1901. Nearly all their excavations have 
been through the very hardest granite, and considerable difficulty has 
been encountered moving it, account the immense amount 
drilling necessary before the steam shovels could properly handle it. 
All the shallow excavations between Stations 907 and 925 consist 
hard granite, and the roadbed being ft. wide, account side 
tracks, made very difficult; however, was well handled. July 
Mr. Smith began drilling holes and ft. apart all over 
the surface, and October 15th had finished the entire eighteen 
stations. 

Out 250 000 cu. yds. moved the miles, only 000 
cu. yds., exclusive the tunnel, remained December 31st, 1900. 

The specifications admitted but two classifications, Earth” 
and All that could not ploughed with No. breaking 
plow and six horses had classed solid rock. draw the line 
between the two was sometimes very difficult. 

The writer does not claim anything extraordinary about this work, 
except the wonderfully short time which immense amount 
railway grading can accomplished with modern appliances and 
methods under difficult and discouraging conditions. One the 
greatest annoyances which the contractor subjected this 
section the worthless, thriftless class men has depend upon 
for labor. 

Sections 18, and were entirely finished December 31st, 
1900, and final estimates were rendered. Section Mahoney 
Bros. still have about 000 cu. yds. move and some sloping do. 
Beaumier has some slope trimming, and not quite one-third the 
bench the tunnel has yet moved, while the east approach 
about one-half the slopes have trimmed and the cut ditched 
—the latter being difficult, owing the frozen condition the 
ground. 

profile this division shown Fig. From the start the 
present time the forces, reduced unit one day, have been 
shown Table No. 
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BOGGS HEAVY RAILWAY CONSTRUCTION. 
TABLE No. 
Kilpatrick 
Beaumier 
Men 
230 046 704 854 
Drillers........ 385 1 850 527 7 625 
Machinemen... 116 1 712 1 364 19 248 
Totals...... 846 806 949 907 
| 
Teams 
Scrapers....... 920 016 452 854 952 
144 235 610 295 


12-H.-P. portable boiler. 


machine drills and number hand drills. 


55-ton Vulcan steam shovel; H.-P., geared 100 H.-P.; 
capacity dipper, cu. yds. 
80-ton Vulcan steam shovel; engines, 15-in.; single engine, 
H.-P.; double engine, H.-P.; geared gear and 
pinion four times and hoisting chain twice; capacity 
dipper, cu. yds.; boiler, 100 H.-P. 


Barnhart, model A,” shovel. 


was insignificant.) 
10-ton locomotive; cylinders, ins. 


ins. 
3-yd. Western dump 
12-H.-P. stationary boilers. 
10-H.-P. portable boiler. 
machine drills. 
complete derrick. 


12-ton 


(The work done this shovel 


There were 267 steam-shovel days, and 384 locomotive days, with 
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421 cars service. record the average car output was kept. 
The average length haul was about 700 


BEAUMIER 


45-ton Barnhart, model A,” steam shovel, H.-P., geared 
H.-P.; capacity dipper, cu. yds. 
1-yd. dump cars, hauled teams. 
machine drills. 
complete derrick, with 12-H.-P. stationary engine. 
Shovels, picks, etc. 


There were 131 steam-shovel days, with 206 cars service. The 
average haul was 400 ft. 


377 1-yd. cars. 


Machinery Shops. 


100-H.P. boilers. 

air compressor, 250 H.-P. 

200 H.-P. 

receivers (air usually carried atmospheres). 
blacksmiths’ forges. 

steam hammer, 100 2-ft. drop. 

Am. Tool Co. lathe, 36-in. swing, 8-ft. centers. 

planer, 14-ft. bed, ft. under head. 

drill presses, ft. and ft. 

bolt cutter, in. in. 

Rice’s automatic engine, ins. 

30-H.-P. high-speed engine. 

30-H.-P. Atlas engine. 

72-H.-P. dynamo, 250 volts. 

50-H.-P. dynamo, 125 volts. 

40-H.-P. boiler. 
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Machinery Shaft. 


Lidgerwood double hoisting engine, cylinders ins., with 
double drum. 

75-H.-P. boiler. 

steel shaft cages, 500 each. 

steel cars. 

blacksmith’s forge. 


Machinery West Portal. 


pair hoisting engines, ins. 
40-H.-P. boiler. 
blacksmith’s forge. 


complete derrick. 
Steam Shovels. 


90-ton Barnhart, Model boiler, 100 H.-P.; engines, 
gear and pinion four times and hoisting chain twice; 
capacity dipper, cu. yds. 

60-ton Barnhart, Model boiler, H.-P.; engines, 
gear and pinion four times and hoisting chain twice; 
capacity dipper, cu. yds. 

70-ton Bucyrus, No. 350; boiler, H.-P.; engines, ins. 
single, H.-P.; double, H.-P.; geared gear and 
pinion five times and hoisting chain twice; capacity 
dipper, cu. yds. 

50-ton Bucyrus, No. 157; boiler, H.-P.; engines, 10x 
single, H.-P.; double, H.-P.; geared gear and 
pinion five times and hoisting chain twice; capacity 
dipper, cu. yds. 


the Works, Generally. 


12-ton Porter engines; cylinders, ins. 
10- 8 x ii 
10- Porter Bell engine; cylinders, ins. 


15- Baldwin engines; cylinders, 6-wheel connected. 


be 
a 
. 


250 3-yd Western dump cars. 
dump cars. 
machine drills. 
water tanks; 000 galls. each. 
wagon tanks. 
miles 3-in. iron pipe. 
3600 ft. 4-in. iron pipe. 
300 
Also number shovels, picks, lanterns, cables, etc. 
The actual shovel output shown Table No. together with the 
average haul, etc. 


TABLE No. 


Shovel. Cars. Average haul. 


There were 472 steam-shovel days and 1479 locomotive days, with 
898 cars service. 

The quantity powder used Kilpatrick Brothers Collins 
their portion the work, between Stations 978 and was 
follows: 


For skilled labor the rate was generally per day; for unskilled 
labor per day, and for foremen $100 per month. 
There have been few accidents, considering the magnitude the 
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work. Three men have lost their lives, and less than dozen have 
been injured, only two these seriously. 

Too much praise cannot given the contractors, Messrs. 
patrick Brothers Collins, and Wood Brothers, for the vigorous 
manner which they carried out the work. 

Fig. Plate IV, exhibits the style houses built the Union Pa- 
cific Railroad Company for the use the Division Engineers and their 
parties. the right the main building large room, accommo- 
dating eight men with the center the living room and 
kitchen; the left the engineer’s office and bedroom. Theell con- 
sists two rooms for the accommodation the engineer’s family. 
The house was double-walled, with tar paper between, and closely 
ceiled. 

trouble expense was spared Mr. Dunlap making the 
men under him comfortable; the house was well and completely fur- 
nished the company, and there was plentiful fuel supply, which 
greatly needed that severe climate. The house was lighted 
electricity from the Power House.” 

The writer desires return thanks his instrumentman, Mr. 
Wharf, for his careful, patient and painstaking work, which made 
possible accomplish such good results. 

may seem that this paper premature, because the work not 
yet finished. writer regrets this, and offers excuse the fact 
that the present seemed the only time which could. devote 
its preparation. 
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merits ship canal and barge canal from Lake Erie the Hudson 
River have evidently been insufficiently demonstrated enable de- 
cision reached present—a strong array facts and talented 
arguments still appearing both sides. 

One might draw the inference that therefore fair balance exists 
between the two projects, and that the total advantages are nearly 
equal, although not identical. seems more probable, however, that 
there yet insufficient knowledge regarding some the facts which 
must control the enterprise, and that considerable time may yet elapse 
before they are obtained. 

Regarding the cost construction there should not much dif- 
ference opinion, definite plan once established. The probable 
revenue, the other hand, speculative sum, and neither the 
authors nor some the discussors seem have supported their as- 
sumptions with sufficient evidence satisfy either the capitalist the 
legislator. seems the writer that here there room for more 
facts. 


Continued from December, 1900, Proceedings. See October, 1900, Proceedings, for 
this subject Messrs. Joseph Mayer and George Wisner, Members, Am. 
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Leading the revenue the use that will made the canal; 
and this depends partly upon the tolls exacted and partly upon 
the speed which can obtained. 

the Kaiser Wilhelm Canal, vessels capable making knots 
per hour open sea, with midship section equal one-third the 


canal, and using the same power, made only between and knots per 


hour. the Suez Canal, the Austral, with revolutions the screw, 
and capable making speed knots open sea, made only 
knots per hour. We, therefore, cannot rely much higher speeds 
than these for large vessels, even ship canal such the one pro- 
posed, which fact, addition those mentioned, affects the probable 
revenue. 

The suggestion that steamers from the Upper Lakes would 
Europe via the St. Lawrence River, that is, through Canada, instead 
via New York City, does not seem the writer argue against the 
ship canal, any more than statement that the Michigan Central Rail- 
road, passing from Buffalo Chicago through Canada, would injure 
our national interests. Why should not United States steamer, 
well railroad train, pass through Canada? The section from Lake 
Ontario New York would have depend largely the business in- 
tended for the Atlantic Coast. may not improbable that even the 
Gulf Coast could supplied more economically such ship canal 
from the Lakes, and without transfer, than the Mississippi Valley 
rail. 

One reason, not already suggested, why private capital prefers in- 
vestments railroads long canals, may the fact that the capital 
required very much larger. The investor not much interested 


the other fact, that the running expenses are much larger for railroads 
than for canals. 


approvingly the continuously-descending canal from Buffalo the 
Mohawk Valley, but seems clear the writer that, had possessed 
more extensive information the difficulties the route, this 
project would not have received his approval. the end will pass 
into the realm impractical projects, which have only gained im- 
portance long the conditions were unknown. 

The writer was Consulting Engineer the Canal Committee ap- 
pointed Governor Roosevelt. This Committee began assuming 
that continuously-descending canal was every way meritorious 
project, and hence directed, first all, that examined detail. 
soon appeared that there were two routes, follows: (1) south- 
ern route, which passed the south Seneca River; (2) northern 
route, passing the north that stream; and finally, route which 
was not continuously-descending, via Seneca River itself. The southern 
route the one suggested Elnathan Sweet, Am. 


Mr. Hering. 


Mr, Rafter. 
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Mr. Rafter. very casual examination appeared certain that this very 


great difficulties for the entire distance from Newark (the proposed 
point diversion) near Syracuse, distance over miles. The 
country sand and gravel, with absolutely stone, while Syracuse 
there very heavy cut made. The Montezuma marsh also 
encountered. Even for 12-ft. canal the estimate for miles was 
$29 000 000. 

The southern route having turned out exceedingly expensive, 
route the north Seneca River was then examined. The region 
here the same general character the south, except that the 
Montezuma marsh avoided. There would crossing Seneca 
River, short distance east Baldwinsville, which would require 
very deep and heavy foundation for aqueduct. The estimated cost 
this route was $22 000 000 for about miles. 

The high-level, continuously-descending canal, either the north- 
ern southern routes, having thus developed very great difficulties, 
the writer then proposed the Seneca River route, which every par- 
ticular answers the requirements. Space will not taken describe 
this route detail. The State Engineer informs the writer that his 
report thereon will published the Annual Report for 1900, which 
will make available anyone interested. Attention, however, may 
directed the maps which accompany the report. They were com- 
piled from the field sheets the Geological Survey scale 
and exhibit, believed, every necessary feature. 

addition these three routes, extension the 
level, east and west, was examined. The total distance, carefully 
gone over, was fully 300 miles. Approximate profiles were plotted 
for the several routes, and believed that there are longer any 
unknown problems the country from Newark Syracuse, all 
which set forth the report considerable detail. 

The practical conclusion drawn from this examination that 
for canal the dimensions the proposed deep waterway, the 
while not absolutely impossible, becomes substantially im- 
practical. There are ways which the same result may obtained 
much cheaper render exceedingly improbable that canal 
will ever carried out the continuously-descending route. 

The locations the several canal lines are made such manner 
bury the canal below the present surface, far possible, thus 
insuring freedom from embankment breaks. way further insur- 
ance, embankments over ft. height have been designed with 
masonry core walls, accordance with the best recent practice. Under 

ft. height they have been designed merely with puddle walls. 
water-tight materials, the puddle walls have been omitted. 

Some question may arise the necessity for masonry core walls 
canal the writer’s opinion, they are necessary, such 
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breaks. main line transportation—a national highway—-should 
not subject the possibility broken embankments, with conse- 
quent delay all traffic for days. 

order show the experience under this head the New York 
State Canals, Table No. This table includes all breaks 
reported the Superintendent Public Works from 1888 1898, 
inclusive, except for the year 1890, for which the data are not hand. 


TABLE No. 


210 days. 


11.4 
6.5 
13.8 
3.3 
10.0 
6 10 4.8 
5.7 
2.9 
26.2 
35.2 
Totals for years 


Average 12.0 


The most serious break was that the Adams Basin the Erie 
Canal, 1888, which stopped all navigation between Rochester and 
Buffalo for days. 

1891, two breaks the Erie Canal occurred the same time— 
one aqueduct and the other defective embankment—which 
required and days, respectively, repair. 

1893, break embankment the Glens Falls feeder 
required days repair. 

1896, there were two breaks, and the total detention was only 
days. these breaks was the Black River Canal and the other 
the Eastern Division the Erie Canal. 

1897, serious break occurred the Forestport feeder, which 
required days for repairs. These figures are included the total 
detention for that year. 

1898, the total number breaks was eleven, causing total 
detention days, which are included the repairs break 
the Forestport feeder embankment the same point the break 
1897. With the exception two breaks the Champlain Canal, 
all the other breaks 1898 were the Erie Canal, the total deten- 
tion from the Erie Canal breaks being 534 days. The Erie Canal breaks 
were all through embankments, and, with one exception, were 
points where culverts pass under. The detail the foregoing breaks 


large construction here proposed, absolute guarantee against Mr. Rafter. 
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may obtained from the Annual Reports the Superintendent 
Public Works. 

The statements given the Superintendent’s reports show that 
muskrats, their burrowing, frequently cause embankment breaks. 
far known, masonry core walls are the only effectual remedy for 
this difficulty. 

Breaks and about the ends locks form also considerable 
proportion the whole. The carrying concrete core wall into 
the embankments the lower ends locks would correct this 
difficulty. 

strong argument for the additional expenditure required 
construct core walls embankments may drawn from the fore- 
going tabulation the number breaks, etc., from 1888 1898, 
inclusive. Even when cases like the Forestport feeder breaks, 1897 
and 1898, are deducted, the clear indication that embankments 
without core walls are too dangerous for great through transporta- 
tion line such here proposed. Such line, satisfactory 
all the interests using it, must constructed beyond the 
mutations ordinary accidents. would difficult make any 
time-limit contracts with the possibility delays days 
caused breaks. 

considering the foregoing question its merits must be- 
further remembered that doubling the quantity water the canal 
prism makes the destructive effect breaks least fourfold great 
present. The cost repairs and damages would, 
become very large.* 

Taking the foregoing into account, the writer’s view that new 
work should include estimates for masonry core walls all embank- 
ments over ft. height. 


writer agrees with Mr. North that all sea commerce not carried 
ocean leviathans, but that fair profits may made smaller vessels. 
Freighters the same size the steamers which run regularly from 
and Duisburg, the Rhine, different ports the North Sea, 
and are said pay dividend 13%, would probably carry freight 
advantageously from Duluth New York canal proper dimen- 
sions existed between the Lakes and the Hudson. 

will seen Table No. which gives the dimensions all 
the marine steamers now running the Rhine, different companies 
build ships different lengths, and each adheres the dimensions 
once preferred, which seems prove that, between certain limits, all 


would interesting know the cost repairs breaks and the ensuing dam- 
ages for the last years, since the enlargement 1835-62 was fully completed. 
Without having the figures hand the writer has little doubt that, the average, the 


cost such breaks would have paid the interest the first cost properly constructed 
core walls. 


Mr. Rafter. 
i] 
Mr. Tutein- 
Nolthenius. 


Mr. Tutein- 
Nolthenius. 


TABLE No. 


whichthe voyages per 
Destination. Name Owner. 


was built. 


Name TONNAGE. 
Rhine 
marine 
steamer. Gross. Net. 


Depth 
deck. 


co 


1874 From Céln Bremen. Dampfschifffahrt- Gesellschaft 
Bremen, 


‘ 
“ 


Jason........| 


1890 Lubeck. 


1890 
1891 Bremen. 


...... 478 1891 
468 1892 Dantzig. 


Thalia ...... 465 1896 Hamburg. “ 


Castor 1896 
Venus.. 626 1897 66 Kéningsbergen. “ “ “ 


“ 


“ 


Rhenania.... 1894 From Duisburg different 
Westfalia.... 1899 ports the Baltic. 


From Duisburg Elbinger Dampfschiff-Rhederei 


Elbing 


Elbing 1895 and Elbing. 
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types are profitable. the Hamburg Steamship Company 


1885 preferred steamers about 230 ft. length, and the new vessel 
built for 1899 almost the same size, while the Neptune Com- 
pany (the largest owner this kind steamers), prefers vessels 
less length, only increasing from 140 ft. 1890 170 ft. 1898. 

When the Rhine extremely low seldom 
steamers cannot load their full draft, and part 
their freight then stowed barges, which the steamer tows along- 
side, until approaching the ocean. Then this supplemental cargo 
transferred the steamer, while descending the river, order lose 
time stopping. The barges remain the river. 

The great pecuniary advantage not transferring freight 
intermediate port proved the fact that these companies make 
greater profit loading their small marine craft Coln, and sending 
them directly, say Hamburg, than building large barges, such 
usually carry the Rhine exports Rotterdam, where the freight 
transferred ocean steamers. And yet these barges carry freight 
very economically, some being even 328 ft. long, ft. broad and 
drawing ft.; while the excellent condition the Rhine estuary 
allows ocean steamers any size enter the inland port Rotter- 
dam. 

Canals sufficient dimensions are not only boon the counties 
they cross, but the whole country large, they put efficient 
check railway tariffs. For this reason the Netherlands railway 


freight tariffs are not high those Belgium and Prussia, where 


canals cannot compete effectually with the iron road. While 
Belgium two-thirds, and Prussia even three-fourths, the railway 
earnings are contributed the freight traffic, the Netherlands the 
revenues from freight-carrying not amount 50% the total 
income the iron roads. 


Although the Dutch canals are efficient, they still leave much. 


freight for the railroads, shown Table No. 2.* 

Table No. shows that bulk the railways carry less than the 
waterways; value, the first are favored, which natural, articles 
great value more easily bear the higher railway rates. 

Table No. the imports from Prussia during the same year, 
1894, are analyzed, after abstracting that part the imports which 
only traverses the Netherlands. shows clearly that forthe products 
the waterway often chosen even though greater number 
consumers reached more directly rail; for strangers are mistaken 
thinking that Dutchman always lives near canal; this only 
true for parts some provinces. 


Tables Nos. and are extracted from study which the writer published the 
Dutch Economist, 1896. The chosen year, 1894, offers peculiarities, but more recent 
years would probably show increase favor the river transportation, the total 
number vessels entering and clearing the Prussian frontier increased from 469in 
1894 089 1899, while the average size the ships was almost doubled. 


i 
q 
| 
1 
4 
3 
4 
| 
4 


” 


Total imports and exports, 


Papers.] DISCUSSION: CANALS FROM THE LAKES NEW YORK. 


TABLE No. 


Tons 1000 KILOGRAMS 204 LBs. 


Mr. Tutein- 
Nolthenius. 


rivers and canals. road. 

Sailing Steam Common 
vessels. vessels. roads. Railroads. 


Imports from Prussia 
Exports Prussia 


Imports from Belgium........... 
Exports 


585 156 727 
962 431 135 149 
619 959 129 421 


42662 
944 


Imports from Prussia, for 
domestic use, 1894. 


TABLE No. 


Tons 1000 KILOGRAMS 
2204 LBs. 


river and 


canal. railroad. 


Coal and fuel (wood) 
Building materials............... 
Stone for river works (rip-rap).. 


Agricultural products 


1,425 000 255 000 


167 000 000 
000 000 


traffic expected. 


VALUE. 


river and 


eanal. railroad. 


850 000 125 000 
325 000 000 


350 000 

000 
350 000 
$31 400 000 


conclusion, although evident that canal from the Hudson 
the Lakes will never offer such facilities the Rhine, the writer 
convinced that canal better adapted modern needs than the 
present Erie Canal (which, however, considering the period original 
construction, masterpiece not equaled Europe), will ines- 
timable value New York and the counties crosses. 
stimulate the railways still more economical management, and thus 


Mayer, Am. Soc. (by objections Mr. Mayer. 
the statements made the writer’s paper refer the practicable 
speed and safety the proposed channel, the time neces- 
sary terminals, the traffic capacity the canal, and the amount 


regards the first four, the writer referred the United States 
Canal Commission authority, and mentioned the experience the 


will also 


975 425 000 

Manufactured 137 000 163 000 325 000 175 000 

Item from the Indies and the 
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St. Clair Flats Canal, which the same dimensions the proposed 
ship canal and dammed off from the shallow. water its sides. 

regard the safety navigation has been suggested that the 
great length the proposed canal, which has 102 miles standard 
section and 102 miles canalized river much greater section, may 
make such difference that the experience the St. Clair Flats Canal 
the point. Some facts taken from paper* Sir Charles 
Hartley, Inst. E., and from the discussion that paper, are 
therefore added. 

The Suez Canal was originally built with ft. bottom width, and 
water, and enlarged bottom width 118 ft. with side slopes 
rests the stone revetment near the water line for the protection the 
slopes. widening may undertaken the near future. 
The stone revetment one side not good condition. not 
intended permanent, and has not been built that 
the other side. 

There are nine sidings ft. wide and 460 ft. long, for the pur- 
pose permitting vessels pass each other. The length the canal 
100 miles, which are lakes. The most northerly these 
lakes and the longest really swamp dammed off from the canal. 
Eight miles the Great Bitter Lake deeper than the original canal, 
and permits free and unrestricted navigation for this distance. The 
other lakes are very small extent. They are shallow and contribute 
little the facilities navigation. 

Vessels going the same direction are not permitted pass one 
another. spite this rule, which makes the speed all vessels 
nearly equal the slowest, the average duration transit hours 
minutes, corresponding speed 5.76 miles per hour. The 
regulations forbid speed greater than kilometers, 6.21 miles, per 
hour. The slope protection many places could not withstand 
greater speed without harm. There are observing stations consid- 
erable distances apart, where vessels are not allowed pass before 
the lapse the time corresponding the maximum allowed speed. 
Mr. Lionel Wells, English engineer who passed through the 
canal 1898, discussing Sir Charles Hartley’s paper, stated that 
the speed limitation generally disregarded between observing 
stations, and that speed knots hour frequently attained 
for short distances. 

The yearly traffic about 600 vessels 000 000 net tons. The 


tidal current the southern section attains sometimes velocity 
2.9 miles per hour. 


Short History the Engineering Works the Suez Min. Proc. Inst. 
E., vol. cxli. 
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half the width the proposed canal between the Lakes and New 
York, and which there strong current. has about the same 
length the standard section the latter. does not appear rea- 
sonable, therefore, doubt that the latter, with practically 
current, will furnish safe channel for very much larger traffic. 

The regulations the Kaiser Wilhelm Canal between the Baltic 
and North Seas allow speed 9.3 miles (15 kilometers) per hour for 
vessels less than ft. ins. draft, and miles (12 kilometers) per 
hour for vessels larger draft. The standard cross-section this 
canal 520 sq. ft. 

Mr. Fiilscher, engineer this canal, discussing Charles 
Hartley’s paper, states that vessels having midship-section not 
more than one-sixth the cross-section the canal suffer but little 
reduction speed therein, compared with their speed open 
water. 

The proposed canal between the Lakes and New York has 
standard section about six times the midship-section the vessels 
intended pass through it. 

appears from Mr. Hunter’s discussion, miles hour 
speed frequently attained the Manchester Ship Canal. Mr. 
Elnathan Sweet also substantially confirms the estimate speed 
adopted the writer, and bases his view experiments made 
recent Germany and France. 

The writer has assumed speed miles the standard section 
and miles canalized rivers much wider section. evident, 
from the facts stated, that speeds mile more than those assumed 
would have been more nearly accord with them. 

regards the time spent terminals, two cases have con- 
sidered Vessels loaded with bulk freights, like ore, coal grain, can 
loaded and unloaded special machinery, which will provided 
wherever large amount freight this kind handled. 
Experience the Lakes shows that during the whole navigation 
season the average time spent harbors about days per round 
trip, and the assertion that this time will days based, not 
theory experience, but unreasonable prejudice. Vessels loaded 
with miscellaneous high-class freight need spend not more than 
week per round trip terminals, shown the records the 
steamers the American Line, which are scheduled make one round 
trip between New York and Southampton every weeks. 

The writer’s estimates cost referred low-class bulk freights, 
and not high-class freights. The difference cost between the 
different classes, however, would not more than railroads. 

Transfer bulk freights other vessels becomes superfluous 
soon ship canal exists, there necessity adhering the 


Here canal which carries safely enormous traffic, which Mr. Mayer. 
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present expensive mode transporting bulk freights from the West 
Europe, points the Atlantic Coast which cannot reached 
canal boats. 

Regarding the capacity the canal proposed, the estimate the 
United States Canal Commission was quoted, and the calculation 
the tolls was based this estimate. 

The capacity the canal governed that the locks. Present 
experience Sault Ste. Marie, and the prevailing average size Lake 
and ocean vessels, indicate for the locks proposed much smaller capa- 
city than that given. But evident that what wanted not 
the present capacity but that when the amount 
freight will have grown nearly equal it. the Suez 
Canal the average net tonnage the passing vessels increased from 
1170 tons, 1873, 640 tons, 1898. large increase the 
average size vessels may expected during the next years, 
which would increase the capacity the locks the same extent. 
The present capacity the Sault Ste. Marie locks, therefore, 
direct measure what the locks the proposed canal will able 
todo. The following letter, received from Mr. Noble answer toa 
request, will remove any doubts this subject 


DECEMBER Ist, 1900. 


Mr. estimates cost for the Deep Waterway 
are based single system locks for single lifts and double 
system where two more lifts are combined. assumed that the 
cargo fully loaded freight ship twice its net register, that its 
east-bound freight will full cargoes and its west-bound freight 
one-fourth much. This makes the total freight one and one- 
quarter times the net register. 

150 000 tons freight navigation year the Lewiston double 
flight six combined lifts, ft. each, the capacity 801 000 
freight tons. Ifthe capacity the single locks should 
doubling them the capacity could increased 801 000 with- 
out increasing the facilities systems two more lifts. 

arriving these amounts the following method was pursued: 

are singly. The average tonnage, net register, 
round trip. This average tonnage greater far than the present 
average the Lakes, but the ships now building (and for the last five 
years) for the freight-carrying trade exceed this very much. These 
large ships are crowding the others out, and the time the Deep 
Waterway could built the small ship will not appreciable 
factor the business. This tonnage less than the present average 
Suez, where increasing quite rapidly. 

The size being thus arrived at, the theoretical time 
lockage was calculated and the resulting tonnage per year. This was 
greater than could handled practically. obtain coefficient the 
records the St. Mary’s Falls Canal were used. 
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two more ships once. The delays ships awaiting lockage were 
large, reaching what may considered economical limit. was 
determined what change time lockage would have taken place 
ships had been locked singly the ships had been the larger 
size assumed for the Deep Waterway; and the time for filling and 
emptying the locks had been changed conform the time for the 
locks the Deep Waterway. Correcting the tonnage actually passed 
the St. Mary’s Falls Canal these changed conditions, have the 
tonnage which single lock the Deep Waterways would have passed 
with the same sundry delays and the same idle time occurred the 
St. Mary’s Falls Canal 1894 and also with the same loss time 
shipping while awaiting lockage, which loss time, already stated, 
was considered establish the economical limit capacity the 
waterway. This tonnage was found 0.621 the theoretical cal- 
culated capacity, and was considered the best coefficient available. 
This coefficient was then applied the theoretical capacity 
each system lockage. 

While the method may not wholly satisfactory, not know 
any better one. other ship canal the world has the lock- 
age capacity been reached. 

traffic capacity figure you have used probably the one above 
given with single locks believe the capacity estimates 
safe, and with the information now existing not think any- 
one can successfully controvert them. 


truly yours, 

considerable difference the real capacity the however, 
will not materially affect the argument for against it, there 
reasonable doubt that will very profitable soon the freight 
transported through equal toits capacity. The cost increasing 
the latter comparatively small. 

more important question that the amount freight 
expected. Major Symons, his report 1897, has made esti- 
mate which gives the amounts the different kinds freight 
which expects for canal ft. deep the Oswego Route, and the 
writer was fully aware the fact when this paper was written, but 
did not mention the estimate, because evidence given that re- 
port support his mere assertions, and because the writer believes 
impossible make detailed estimate the probable traffic. 
anybody had made estimate years ago the probable traffic 
the inter-lake channels, would have either greatly underesti- 
mated the traffic, have been laughed The 
iron ore any quantity would transported Pittsburg from the 
Lake Superior Region would have been found utterly ridiculous 
and indicating the ignorance the author it. 

now know, from experience the Lakes, that great reduc- 
tion the cost transportation will develop enormous amount 
new business, and that will from distant and more expensive 
routes business already existing. The development new business 


1894 all the business was done one lock, locking generally Mr. Mayer. 
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relatively slow process, requiring the establishment new manu- 
factures along new route, while the deflection existing business 
from other means transportation will take place much more quickly. 
true that such transport heavy cheap goods over great dis- 
tances takes place the line the future canal exists now the 
Lakes, but such transport would not exist along the lake routes 
lake freight rates were the same those rail. any careful ob- 
server the experience the Lakes should show two things: First, 
that the new business developed the lowering freight rates 
more than half the total. Second, that one cannot estimate detail 
the new business which will developed great reduction cost 
transportation. 

One can with some approximation estimate the amount exist- 
ing transportation which will transferred from other lines one 
very much cheaper, but not the new transportation which will 
created. evident that the canal proposed will obtain most the 
grain and much the provisions passing from upper lake points 
the Atlantic coast and Europe; that will obtain lumber large 
quantities both directions, besides salt, building stone, cement, 
brick, coal, iron ore, etc.; but put definite quantities behind all 
these items, shows only the habit their author make positive state- 
ments regard subjects which does not know. 

The principal data which permit making approximate estimate 
the freight expected are furnished the amount freight 
obtained through the Lake rates, due the improvement the inter- 
lake channels, and comparison the population and the number 
and importance the harbors the two ends the lake region with 
those the two ends the proposed canal. Since the visible makes 
greater impression than the invisible, are apt underesti- 
mate such comparison existing waterway with proposed 
one the amount freight which may expected the latter. The 
development the iron mines the Lake Region ac- 
complished fact, and their product goes present largely Pitts- 
burg, therefore the argument ready hand that there are iron 
mines the new canal, and that the ore the western mines does 
not East. considerable part will East after the canal exists, 
and other sources freight, unknown now the Lake Superior 
mines were twenty years ago, will arise soon heavy goods can 
transported cheaply. The quantity goods produced, transported 
and consumed largely dependent the size the population 
which produces and consumes them, and the cheapness transporta- 
tion. And the possibility transporting them water from producer 
consumer depends mainly the existence the appropriate chan- 
nels and the number and importance the harbors available. 
paring, therefore, the relative amount which may expected 
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passthrough the Detroit River and the canal proposed, isreasonable Mr. Mayer. 


take into consideration the populations and harbors connected the 
two waterways. this done, and allowance made for the natural 
increase business during the next twenty years, appears the 
writer very moderate estimate the then existing traffic through 
the proposed canal equal its capacity. Another argument against 
ship canal the Oswego Route the effect that Canada would 
build ship canal Montreal and deflect business that direction. 
The larger part the Dominion chiefly interested such canal 
account the cheap transport Europe and the United States 
which would created thereby. ship canal from Lake Ontario 
Montreal would not materially cheapen transport these countries 
after the American ship canal exists; would precarious posi- 
tion without control ship canal around Niagara Falls; and 
would such ruinous undertaking poor country like 
Canada that insult our neighbors think them capable it. 

estimate the water supply needed the summit level has been 
made one the discussors, and objection against the Oswego 
Route based thereon. This discussor asserts that the water supply 
needed the summit level for each passing vessel equal the 
lock area multiplied the sum the lifts all the locks. 

reasonable provide water supply for the full capacity 
the canal. each end the summit level lock. From the 
passage the sill vessel entering lock from above, takes 
certain minimum time for this vessel the lower level, move 
out, let another vessel pass in, rise up, move out, and the next down- 
going vessel advance the sill. This period time required 
for one cycle lock operation, and will pass one vessel down, another 
up. For given lock area, varies somewhat with the litt the 
lock. One lock chamber full water required per cycle, 
volume equal the area multiplied the lift. The shortest time 
required for one cycle found observation existing locks 
similar size and lift. easy estimate the influence change 
lift the time required for one cycle. The experience the locks 
Sault Ste. Marie allows, therefore, very close estiniate this 
time made. From this the number cycles per hours 
obtained, and the quantity water needed for the two locks the 
end the summit level can easily estimated. the amount 
leakage per hours the summit level and the two adjacent 
and the evaporation per day, added the foregoing amount, the 
water needed the summit level known. The latter items are 
relatively small the canal well built. This all the water needed 
the summit. the two adjacent locks have the greatest lift 
those the same side the summit, the water needed for lock- 
ages the summit sufficient for all lockages below, provided the 
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level water surfaces between any two succeeding locks, comparison 
with the lock chambers, are large enough permit their filling twice 
without reducing the depth too much level. Any additional 
water needed, however, may supplied below the summit level. The 
problem water supply therefore not serious would the 
estimate mentioned were correct. The argument based this 
culty becomes invalid account the gross error the estimate 
the water needed. 

has been suggested that would probably better make 
the canal somewhat deeper and narrower. The writer’s studies 
the opinions experts the Suez Canal lead him believe that 
the same area cross-section proposed the Commission, with 
depth ft., would more satisfactory. depth ft., 
this would give width 192 ft. instead 215 ft., and bottom 
width about 177 ft., with slopes Commission, how- 
ever, undoubtedly had good reasons for the cross-section selected. 
The width chosen substantially agrees with that proposed the 
International Commission which investigated the proper means for 
increasing the capacity the Suez Canal. But the depth 
that Commission was meters, ft. ins. 

“It has been correctly stated the discussion that most the ocean 
traffic carried comparatively small vessels which could easily 
pass through the proposed canal, and that the large vessels are very 
few and play small part the freight traffic, especially the coast- 
ing trade. evident, therefore, that for most the traffic small 
vessels are more than very large ones. The assertion 
vessels capable passing through the proposed canal could not with 
economy cross the ocean not supported the facts. 

Since the locks proposed would only able handle the traffic 
for most twenty years, additional locks would soon required 
which could then built size and depth fit for the demands 
upon them. The canal could then deepened should appear 
desirable. 

Another very important question touched Mr. North, the 
advisability levying tolls. The writer does not deny the advantages 
which any section the country would derive should the United 
States decide pay large part the freight charges that section 
only. This substantially what the proposition building the 
expense the United States costly canal, which toll free, 
amounts to. The prospect inducing people other sections 
the country vote for such scheme, however, very slender, and, 
order secure majority votes, proposed Mr. Thomas 
Curtis Clarke, would necessary couple with other schemes 
beneficial other parts the country. The writer believes that the 
reduction cost transportation brought about this canal 
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large that the levying proper tolls will not materially diminish Mr. Mayer. 

the amount freight which will pass through it; and ungenerous 

and inexpedient for the section the country benefited expect 

other sections, not fortunately situated, help paying the 

yearly expenses incurred for it. 

For the purpose illustrating from economic standpoint the 

objections toll-free canal, simplified example containing the 
essential features the problem will chosen. 

There are quarries town, A,” where yard stone costs 

$2; another towa, ‘‘B,” are quarries where cubic yard equally 
good stone costs $3; the cost transportation between the two places 

$1.50 per yard. this case each place uses its own quarries. The 

State intervenes and assumes two-thirds the cost transportation. 


Then the town will obtain stone from $2.50 per yard. 
‘The actual cost this stone $3.50 per yard, which the State pays 
The effect the interference the State that more labor 
spent for the stone used the town than before. 

Stone has become actually dearer though nominally cheaper. 
Other effects will produced, among them, losses the quarry 
owners the town and gains those the town gener- 
ally the latter effects alone are dwelt upon advocates such State 
interference. When the State omits charge reasonable toll for the 
use canal which builds not only enriches one section the 
country the expense the rest, but increases the production 
things distance which could really produced cheaper home; 
thereby increases the amount labor which has expended for 
obtaining given amount goods. There are cases, however, and the 
Manchester Ship Canal seems one them, where the principal 
benefit obtained canal the lowering excessive monopolistic 
freight rates competing railroads, and where the attempt levy tolls 
covering the yearly expenses such canals would destructive 
their usefulness. The writer believes that toll-free barge canal 
large capacity, from the Lakes New York, would have this effect. 
And the advocates barge canal wisely refuse tolls, 
they would its usefulness. barge canal small 
however, would not answer this purpose, the railroads 
would find their advantage let have all the business could 
and ignore its freight rates. 

The rail freight rates this country, however, are only about one- 
third those England; the possible reduction small, and the 
effect competing canal, therefore, very limited. 

The tolls proposed for the ship canal the writer, however, are 
much smaller than the expenses incurred for transfer barge canal; 
the former therefore superior, pays its way and offers larger 
benefits the public. 
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The writer’s criticisms the barge canal project were mainly 
directed against the arguments the New York State Canal 
sion, which attempts prove that barge canal desirable, inde- 
pendent the incidental advantages lower railroad freight rates 
due it. 

Theoretically, would best, canals which are not used 
their full capacity, increase the amount freight using the canals. 
varying the tolls for the different kinds merchandise, taking 
into account origin and destination, proportion the value the 
service rendered the canal, charging part the freight more 
than the traffic will bear. For canal which used its full 
capacity uniform toll the best every respect. The value the 
service rendered the proposed canal greatest for freight which 
saves transfers. The principle charging proportion the num- 
ber transfers saved seems be, therefore, the nearest practicable 
approach ideally perfect system tolls. 

The tolls proposed the writer were calculated for annual 
expense 000 000, allowing for interest. the United States 
can obtain the money for construction interest, the annual 
expense will only 000 000, and the tolls given would 
even the estimate traffic considerably excess the facts. 

Mr. Thomas Curtis Clarke’s remarks are interesting, and the writer 
thinks that the scheme recommended him for consideration is. 
worthy careful investigation, which likely show that not 
only feasible but economically desirable, weighing the advantages 
gained with the cost their attainment. the scheme were 
well known all its aspects, and its economic merits were equal 
those the canal here considered, the writer would think advis- 
able combine the two; but, for the present, would prefer that 
those most interested the eastern canal would come forward, 
frankly declaring their willingness pay for the yearly cost proper 
tolls, and advocating the passage law Congress providing for 
its construction these terms. 

has been asserted that Lake vessels would very uneconomical 
the ocean. The writer does not believe that the equivalents, 
the size which the whole argument depends, have inherent prob- 
ability, the face the actual transportation charges the Lakes 
and ocean. All the difference these explainable partly the 
present small depth lake channels, and partly the smaller 
distances the Lakes. canal either ft. depth existed, 
vessels would built adapted both Lake and ocean traffic, and 
their disadvantages for either would small comparison with the 
savings accomplished the avoidance transfers. 

The superiority canal ft. deep can only shown assum- 
ing enormous traffic. Though the writer believes that such traffic 
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will exist this route the near future, does not think that after 
this discussion possible convince sufficient number people 
induce action Congress favor such The smaller 
canal will more profitable the beginning, and for this purpose 
does not require amount traffic which appears improbable the 
majority judges. 

The capacity proposed the United States Canal Commission for 
the beginning is, appears from Mr. Alfred Noble’s letter, 000 000 
tons, which can increased 000 000 tons doubling the single 
locks. one the two rows locks, the places where there are 
several locks chain, were made ft. deep, the canal could 
easily increased ft. depth whenever the traffic required 
increase capacity beyond the 000 000 tons. This ought unite 
all the advocates ship canal, because will fulfill the wishes 
those favor 30-ft. canal soon the growth traffic shows 
this advantageous. 

The purpose this paper was make evident the discussion 
which would call forth, that the preponderant judgment those 
who have studied this question favor ship canal. Mr. 
Wisner’s paper and the writer’s have accomplished this purpose. The 
objections which have been raised against ship canal have been 
effectively answered the discussion, those most competent 
and many who were either ignorant of, indifferent to, the sub- 
ject, have been convinced made more enthusiastic favor 
enterprise which the most important engineering work the near 
future. 


note the advance which has been made general knowledge the 
waterway problem since the discussion the Transactions the Society 
for June, 

The present papers attack the problem from entirely different 
standpoints and different methods, and arrive practically the 
same results; while the discussions, which have been contributed 
some the ablest waterway engineers the world, although not 
harmony the actual dimensions which should adopted, 
way controvert the facts which the conclusions the papers were 
based. 

One the principal issues raised the writer’s paper was that 
estimates transportation rates different routes should each 
include all items relative the cost construction, maintenance 
route, and the cost moving the expected commerce between ter- 
minals, which any way affect the fixed charges properly chargeable 
the rates the respective routes. 


Transactions, Am. E., Vol. xxxix, page 273; ‘‘The Economic Depth for 
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Major Symons calls attention the writer being strong advocate 
ship canals; yet, all his own estimates for transportation rates 
his proposed barge canal, assumes the waterway con- 
structed and maintained public expense, and then attempts show 
the great saving transportation rates, compared with those the 
routes where all fixed charges for construction and maintenance must 
taken care the transportation rates. 

The writer has endeavored treat each route exactly the same 
and wherever fluctuating values have been used, the conclusions 
drawn are based results from which the errors from such sources are 
practically eliminated; and such methods may termed those 
advocate, then those adopted Major Symons need qualifying 
with much stronger phrase. 

immaterial whether the routes constructed and maintained 
public expense, whether the fixed charges made part the 
transport rate; the result the producers the country the same. 
the route worthy being constructed public expense, fair 
presume that the people the whole country are benefited, 
and whatever saving may accrue transportation rates from Govern- 
ment construction indirectly becomes tax the producers who use 
the line. 

If, therefore, when all direct and indirect benefits are considered, 
route cannot shown capable furnishing better rates with fixed 
charges included than its competitors, must conclude that not 
worthy construction. 

discussing the relative merits these different proposed water- 
way routes, there are several important considerations which must not 
lost sight of, correct and satisfactory solution the problem 
expected. 

Existing knowledge the natural physical conditions the 
routes, and the economical type freight carrier which can best 
utilized the respective waterways the transport domestic and 
foreign commerce, must fully considered, and all conclusions based 


sentiment eliminated. While most would take great pride 


such grand achievement that extending the ocean waterways 
the ports the Great Lakes, must inevitably answer the question, 
Will before asking the producers the country contribute 
their earnings for its construction. Not that the reduction trans- 
portation rates must such warrant private company taking 
the project for profit, but that the result the whole country 
from direct reduction rates and from resulting development 
new commerce and industries will show balance the right side. 
Under the most favorable conditions expected, will 
least ten years before either the proposed waterway routes can 
opened for business. The relative movement domestic and foreign 
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which both the type waterway and freight carrier must based. 
the present time about one-fourth the wheat raised the United 
States exported; but from the increase population which may 
safely predicted, the present surplus wheat raised will re- 
quired for domestic consumption within less than twenty years, and 
unless the annual yield can increased, the export grain must 
eliminated from the calculation. Whatever the future may have 
store for the grain business the country, safe say that the 
export raw materials will greatly decrease, and the export manu- 
factured products largely increase the near future, which implies 
decreasing tonnage for the corresponding value the commerce. 
The Commissioner Navigation gives the weight exports from 
the United States 1899 follows: 


TABLE No. Exports 1899. 


Value. Weight. Value per ton. 
Tons 240 Ibs. 
Articles, terms weight........ $904 827 281 569 729 $35 
Articles estimated experts...... 370 277 602 482 142 
Lumber, boards and shingles....... 138 053 142 424 
Miscellaneous 595 611 967 


203 931 222 282 613 $41 


will noted from Table No. that the entire exports 1899 
only amounted 282 613 gross tons, which 569 729 tons, 
worth $35 per ton, were products, the export which likely 
greatly decrease the near future, and that 967 978 tons, worth $200 
per ton, were manufactured products, the exports which are in- 
creasing rapidly,.and will likely comprise the principal part 
our foreign commerce during the era for which the the waterway must 
constructed. therefore appears that the waterway, con- 
structed all, should more for the purpose distribution prod- 
ucts for domestic consumption than for the accommodation foreign 
commerce. 

The economical dimensions for waterway, and for the freight car- 
riers which use it, are functions the distance between freight 
terminals. 

ocean traffic, with from 000 000 miles between terminals, 
there question that larger ships will economical, and will 
built fast the improvement the depth terminal harbors will 
permit; but, the Great Lakes, where the length haul limited 


commerce which will exist after that period the important factor Mr, Wisner. 
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000 miles less, the limit size economical ship construction 
has already been reached, and with unlimited depth the connecting 
channels our lake waterways will not pay construct freight 
carriers for lake service alone any larger than those recently put 
service. This statement may seem somewhat strong, but the facts are 
that with haul less than miles, the running expenses and 
fixed charges for ships over 480 ft. long, ft. wide and ft. draft, 
increase more rapidly than the profits from increase carrying 
capacity. 

Table No. giving the dimensions, horse-power, speed, cost 
running expenses and cost transport per ton-mile for different pes 
carriers, based actual lake practice and experience, and has 
been prepared from data furnished Mr. Frank Kirby, who 
doubtless the best authority the world this class ship con- 
struction. 


TABLE No. 
m | 
480 27... 2800 12.5 117 554 400 0.121 
500 27... 2980 12.5 600 149 612 400 0.120 
540 27... 3200 12.5 980 159 771 400 
550 27... 12.5 100 165 828 400 0.136 
480 Single 650 15.0 650 154 410000 0.141 


| 
| 


will noted that for speeds over 12.5 statute miles per hour 
the rate increases. the lines the vessel adapted for obtaining 
greater speed with less power, the carrying capacity decreased and 
the cost carrying correspondingly increased. computing the 
cost transport per ton-mile the prices for labor and materials used 
are the same for each type vessel, and, therefore, any variation 
which may arise from fluctuation prices will practically elimi- 
nated the relative cost transport for different types ships. 

The rate per ton-mile Table No. only includes those items which 
enter into the cost carrying ton one the open lake. 
take into consideration the greater loss time the larger ships 
terminals, the difference cost transport becomes still less, 
shown Table No. which computation transport rate for 
the first and fourth the steamships given Table No. 
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TABLE No. Per Ton. Mr. Wisner, 

Sailing time round trip..... days. 
Detention terminals........ days. days. 
Wages and subsistence........ $600 $682 
Fuel, oil and waste........... 909 
Insurance ship............ 477 830 
Insurance cargo........... 860 260 
Miscellaneous expenses....... 
Interest investment........ 530 922 
Deterioration, etc............ 530 922 
Profit shipowner........... 400 600 


will noted from Tables Nos. and that the actual cost 
moving ton freight mile the open lake such small 
percentage the transport rate which must charged transact the 
business, that the length haul and the amount detentions 
terminals are the important factors necessary for determining the 
economical dimensions for freight carriers, and, consequently, the 
water routes used them. 

The rate computed Table No. for ships adapted for both lake 
and ocean traffic, and used for lake traffic only. freight carried 
between Lake ports and New York vessels adapted for only lake and 
waterway business, the actual savings the Lakes using the 
deeper-draft vessels would less than one-half the estimated fixed 
charges arising from the excess cost construction and mainte- 
nance deeper channels, stated the writer’s paper. 

Since least three-fourths the freight carried the Lakes 
for domestic consumption, and because domestic traffic must increase 
much more rapidly than that with foreign ports, seems evident that 
any waterway constructed should the one best adapted for 
the distribution products and manufactures for domestic use. 

generally conceded that produce the best results, water- 
way from the Lakes the Atlantic should have dimensions which will 
permit the passage, economical speeds, ships best adapted for 
the traffic the water routes connected. 

also established from the cost vessel construction the 
Lakes, and the cost transport carriers-of different speeds and 
dimensions, that the maximum size steamer for economical trans- 
portation for hauls less than miles has been reached lake 
practice; from which appears that the only legitimate reason for 
constructing waterways more than ft. deep will solely accom- 
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Mr. Wisner. modate foreign commerce between lake and foreign ports. The only 


saving obtained the use deeper waterways will the cost 
transfer New York products destined for foreign ports, and, 
since all traffic for the Atlantic coast trade would have trans- 
ferred New York, carried the larger ships, probable that 
the 19-ft. carrier would more economical the average, matter 
how large the volume commerce assumed. 

Without regard the pleasing sentiments awakened the 
sition open waterway from the Great Lakes the seaboard, 
capable accommodating the largest ocean freight carriers, the cold 
facts must faced that the interests the producers the country 
are but the collective benefits derived individuals, and unless 
can shown that the benefits secured from the construction 
new route, with all expenses included, will exceed those obtained 
from routes now use, will certainly never built, matter 
whether $60 000 000 barge canal $300 000 000 waterway for 
ocean steamships. 

Major Symons’ statements that ‘‘Mr. Wisner has certainly jumped 
aconclusion which manner justified the facts and present 
data,” and that ‘‘his premises are entirely error,” seem peculiar, 
say the least, when considered that was well aware when 
wrote his discussion that the St. Lawrence Canals were actually open 
for business for the entire navigation season 1900. 

technically true, states, that the Canadian Canals have 
not yet been entirely completed. Neither has the St. Mary’s River 
improvement been fully completed, yet its commerce 1900 was 
000 000 tons, while the new St. Lawrence Canal only one fully 
loaded freighter reported having passed through. Why? Simply 
because, stated the paper, any waterway requiring transfers ‘will 
fail divert freight from the lake and railroad lines. 

notable fact that the steamers now being constructed for 
lake and ocean commerce through the Canadian Canals are for ft. 
draft, being considered more economical the builders 
through the canals than undertake transportation the Lakes 
with ships only ft. draft. 

fact mentioned that Canadian Government and 
parties have only just commenced work Port Colborne and Mon- 
treal prepare for the traffic which they expect through 
commercial highway,” one for which the Canadian officials would 
like have some legitimate reason. tenor recent articles 
Montreal papers, they evidently fear that the desired improvements 
may never materialize. must also borne mind that the 
freight for domestic consumption large practically 
trols the route followed foreign trade the same commodities, and 
must great extent prove strong handicap for the Canadian route.. 
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The writer did not state that the Canadian canals were failures, Mr. Wisner. 


implied Major Symons’ discussion, but that they had thus far failed 
divert traffic from established routes, and that any waterway less 
depth than required for the passage the best type lake freighters 
cannot materially modify the transportation rates over existing routes. 

Major Symons’ comparison, the effect the enlargement the 
Erie Canal, the economy 000-ton steamer over one 
tons capacity, not apropos. 

The conditions which have caused the decline traffic the Erie 
Canal since 1880 cannot eliminated the construction water- 
way only ft. deep, while the economy the use larger freight 
carriers the Lakes depends simply upon the ratio the running 
expenses and fixed charges, due cost ship, the carrying 
capacity for steamers different dimensions. 

While not prepared stand sponsor for the exact ratio power 
required, respectively, for towing wooden and steel barges, the writer 
surprised that engineer Major Symons’ high standing should 
for one moment question the fact that the resistance wooden sur- 
faces movement through water largely excess that steel, 
especially the case barges canals and shallow rivers, where the 
bottoms cannot maintained long good condition except con- 
stant repairs. The fact that wooden ships, with bottoms the condi- 
tion similar that barges use shallow streams, offer great 
resistance movement through the water, well known that com- 
ment unnecessary. further evidence needed convince Major 
Symons his error, careful study the resistance wooden and 
steel conduits the flow water should certainly sufficient. 

If, stated the discussion, the strongest arguments 
favor barge canal following the general route the Erie Canal, 
that business upon can done cheap, light, wooden boats,” the 
project certainly based upon very weak foundation, for gen- 
erally admitted that vessel construction wood must give way steel 
long before either the proposed waterways can constructed. 

While true that the insurance rate the present small canal 
boats much less than that used the estimates given the paper, 
should noted that the risk 000-ton barges fleets five 
more, 12-ft. waterway and through the lakes and rivers traversed 
the route, will practically the same for steamer having 
tonnage equivalent that the fleet. 

page Major Symons’ report ship canal from the 
Great Lakes the navigible waters the Hudson River, stated 
that: 


steel vessels. insurance man interviewed thinks that the rates 


would less for vessels navigating the canal, while many announced 
that they would higher.” 
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not safe estimate for lake and river insurance less than 
44%, but, admitting that this rate too high, the discrimination 
really favor the canal barge, for the reason that the cost vessels 
per ton carrying capacity much greater for steamships than for 
barges, and, therefore, less rate introduced Tables Nos.3 and 
the paper, the showing for the barge canal would made even 
worse than stated. 

Major Symons error when states that the cargo insurance 
used Table No. the paper increased some unexplainable 
manner, for the reason that exactly the same rate used his 
report, but the amount computed for the cargo carried both direc- 
tions, instead making the shipper pay the insurance the west- 
bound freight, was done the barge canal estimates. forcing 
the shipper pay all items which make estimated transportation rates 
undesirably large correct and fair procedure, the principle should 
still further extended and make transportation practically free. 
Major Symons has apparently made use this method, far the 
cost and maintenance barge route and west-bound insurances are 
concerned, and would interesting know why the same prin- 
ciple should not applied the estimates railroad rates, omit- 
ting all fixed charges for right way, construction and maintenance 
road. 

view the large experience that Major Symons has had con- 
nection with lake waterway and harbor improvements, surprising 
that should not aware that the barges describes his reports 
would neither safe nor economical for lake transportation com- 
pared with the large freighters now used the lake service. such 
was the case, certainly ought expect much more crowded state 
affairs the Canadian canals than has ever existed. 

Major Symons’ reports and discussion great importance given 
the fact that ‘‘nearly all the commerce New York 
leaves the port berth cargoes the large ocean liners,” and that 
anything like quick dispatch the port New York would require 
complete upheaval and reversal the methods doing business 
that great port. 

those interested rapid and economical methods transporta- 
tion, this state affairs strong argument favor adopting 
some other method interior transportation, which will not perpetuate 
system which, from excessive terminal detentions, great cost 
transfer, and from diversion traffic less economical routes, adds 
materially the cost marketing the products the country. The 
very fact that the differential rates railroads the seaboard all dis- 
criminate against New York proof that New York harbor the most 
economical natural outlet for exports, and, instead perpetuating 
existing conditions, the efforts should increase the receipts 
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freight, that full cargoes can furnished ocean freighters. The 
commerce New York taken berth cargoes for the simple reason 
that the volume received for export not what the commanding 
position the harbor and its unsurpassed natural conditions for 
interior communications entitle to. 

With direct deep-water connection with the great producing centers 
the Northwest, the railroads would have discontinue differentials 
detrimental the Port New York, lose much their present 

either event, the export commerce the port would increase 
and make possible establish methods which would give better 
dispatch than present. 

The statement that ‘‘the data furnished Mr. Wisner not 
all sufficient prove that the great freighters could with safety make 
miles per hour the canal proposed the Board 
Deep Waterways” needs some substantiation before 
being accepted. What better than that large freighters 
make such speeds safely similar canals every day? 

The St. Clair Flats Canal means the only restricted section 
the Lake waterways, yet notable fact that accidents have 
occurred these channels, except sharp curves strong currents, 
condition which has been entirely eliminated the plans proposed 
the Deep Waterway Board. 

Mr. Hunter’s unqualified endorsement the writer’s estimate, that 
miles per hour average speed would certainly safe, should 
settle the question beyond all doubt. 

The cross-section the Manchester Canal only four-fifths 
that the proposed waterway, yet experience has proved that speeds 
miles per hour are safe, and licenses permitting such speeds are 
now issued. 

true that strenuous efforts are being made have some the 
narrow channels the Lake waterways widened 600 ft., where there 
are sharp curves and but the plans for the proposed 
deep waterway the seaboard, sharp curves are eliminated and wide 
channels provided rivers wherever strong currents exist. 

view the facts that the speed large freight carriers canals 
similar dimensions those the proposed deep waterway has been 
thoroughly established actual safe practice, and that the time 
required terminals has been fixed experience extending over 
many years, the closing statement Major Symons’ discussion, that 
the estimates Mr. Mayer and Mr. Wisner are possibilities, 
while those for his barge canal are reasonable probabilities, must 
regarded strong exhibition over-confidence his own per- 
sonal views. 


The methods and rapidity handling cargoes terminals have 
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Mr. Wisner. changed but little the past ten years, shown Table No. 


which gives the types large carriers built 1890 and 1900, and the 
average time detentions terminals for those years. 


TABLE No. 
When built, and years compared............ 1890 1900 
Length over all, 290 500 
Draft water channels, feet........... 15.5 17.8 
Average cargo, gross 500 000 
Average time terminals per round trip, 


Mr. Mayer has covered the relative merits government and 
private ownership the proposed waterway thorougly that but 
little comment necessary. His idea that moderate toll might 
allowed, cover all expenses incurred the nation, would 
serious mistake put into practice, for the reason that the benefits 
derived from such waterway will much indirect nature 
building new commerce direct value decreasing the cost 
transport, and, therefore, obtain the maximum benefit, should 
made absolutely free all. 

Mr. Schenck error supposing that loss time 
meeting vessels, and from reduction speed curves, has not been 
provided for the estimates time round trips the proposed 
21-ft. waterway from the Lakes the Atlantic. established 
beyond doubt that speed miles per hour absolutely safe 
tangents, and passing vessels reduction one-half speed has been 
used the estimates, and for curves reduction depending upon the 
degree curvature, stated Mr. Noble. 

Mr. North, his able discussion, refers the determination 
make ft. the governing depth for the channels the Great 
argument against limiting the depth the proposed waterway 
ft. 

were fact that the governing depth the lake channels was. 
fixed ft. more, the writer would fully accord with 
Mr. North’s views. project for channels over ft. depth has 
ever been seriously contemplated, and, besides, has been 
thoroughly demonstrated that larger ships than those recently con- 
structed will not economical the Lake service, that the shipping 
associations will probably ask the Government fix the ultimate 
navigable depth Lake waterways ft. 

true that contracts for the improvement Lake waterways 
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the payment for depths sometimes provided for, but Mr. Wisner. 


this simply arises from the fact that with some kinds materials 
excavated, clear navigable channel ft. deep cannot made 
without making occasional cuttings from ft. deeper than 
required for navigation. Mr. North quotes the writer authority 
for the statement that 000 000 tons freight passed through the 
Detroit River 1899. This not correct. volume carried 


the entire chain lakes was not far from 000 000 tons, stated 
the paper, while that passing through the Detroit River probably 
did not exceed 000 090 tons. 


Table No. shows the movement the Lakes for the four leading 
commodities 1898: 


TABLE No. 


Commodity. Total traffic, net tons. Eastward traffic, net tons. 


661 411* 


180 


The report the Committee Canals New York State gives 
the total entrances and clearances registered tonnage Lake ports 
1898 124 046 366 tons. Dividing this two, the Committee 
obtains the total lake traffic 023 000 tons. 

This, however, misleading, the actual volume freight 
movement, which, fact, was only about two-thirds the volume 
indicated the entrances and clearances the Lake ports. 

The entrances and clearances include those all pleasure and 
passenger steamers entering and leaving the ports, which many 
the harbors important part the tonnage. assume, there- 
fore, that the freight movement through the Detroit River will within 
few years amount 000 000 tons wholly unwarranted the 
present conditions future probabilities. 

true that the commerce the St. Mary’s River has approxi- 
mately doubled every six years since 1882, but the Detroit River the 
traffic has not doubled the last twenty instead the last 
six years, quoted Mr. North, and must remembered that 
this ratio cannot continue indefinitely, and, fact, that the condition 
the Lake grain and ore trade has already reached the stage where 
the annual increase volume traffic must much less than here- 
tofore. The unprecedented growth commerce the Great Lakes 


Including Canadian traffic through Georgian Bay and the Welland Canal. 
See Tunell’s Statistics Lake Commerce,”’ page 
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has been due the development cheaper transportation the 
improvement waterways, and the consequent bringing into existence 
new manufacturing enterprises which otherwise could never have 
been started. While the free improvement these waterways has 
often been criticised undue favoritism the competitors the 
railroads, nevertheless true that the great prosperity the rail- 
road lines which parallel the water routes has been largely the indi- 
rect result the new traffic which would never have existed had not 
cheaper transport been developed waterway improvements. 

The effect waterway improvements the movement the 
Lake commerce well illustrated the relative volume fiour 
carried vessels and railroads during the period channel 
improvements. 

1866, the railroads carried approximately one-half the flour 
between the upper ports and the seaboard; 1867, three-fourths; 
1877, and 1881, per cent. 

The improvement the St. Clair Flats Canal and the completion 
the 15-ft. lock and canal Sault Ste. Marie 1881, turned the 
advantage again favor lake transportation, that, 1882, the 
Lake shipments flour were 1886, and 1889, 48% 
the total volume. hardly expected that this ratio will 
materially change the future, for the reason that winter shipments 
railroad are certain continue, and that future reduction water 
rates must small after the completion the 21-ft. waterway project, 
which depth, economical transportation, far Lake traffic 
concerned, will not warrant increasing. 

commerce tons annually through the Detroit 
River, with corresponding increase traffic the seaboard, can 
guaranteed after the completion 30-ft. waterway, the writer will 
heartily concur with Mr. North the desirability such construc- 
tion. Not that the cost transport will less for Lake traffic than 
with 21-ft. waterway, but that the indirect benefits from developing 
commerce 000 tons will more than repay the additional 
cost larger waterway. Such result cannot reasonably ex- 
pected, and probable that 000 000 tons between the Lake ports 
and the seaboard much safer prediction; for, with the route closed 
one-third the year, the railroads would certainly continue carry 
large part the commerce. 

The total traffic the New York canals 1898 was 360 063 tons, 
which 573 227 tons were through freight. The total freight traffic 
over the New York Central Railroad was 403 439 tons, which only 
153 084 tons were through freight. The total freight tonnage the 
New York State canals and railroads was 141 146 tons, which 
probably about 000 000 tons were through commerce between the 
freight centers the country tributary the Lakes and the seaboard. 
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With deep waterway completed and ready for business, probable Mr. Wisner. 


that the railroads would still carry least one-third the through 
freight, leaving 000 000 tons available for waterway traffic. 

will not safe estimate that the through traffic will more 
than double ten years after the completion the waterway, indi- 
cating that 000 000 tons would maximum expected after 
ten years’ operation the waterway. 

With annual commerce over 000 000 tons from the Lakes 
the seaboard, the capacity the waterway would have 
increased over that the estimate the Deep Waterway Board, 
which would materially add the expense account construction 
and maintenance. 

The total entrances and clearances New York Harbor are given 
Mr. Corthell 544 653 tons, from which evident that the actual 
export commerce from New York must considerably less than the 
registered tonnage shown the clearances the port. 

safer estimate can made giving the port its proper percent- 
age the total exports 000 000 gross tons from the entire country 
1899. 

not fair argue that because the deepening the Lake 
channels from ft. resulted reducing freight rates 50%, 
that deepening from ft. will result corresponding 
decrease, for, before stated, the economical dimensions freight 
haul. The cost ships, per ton carrying capacity, increases rapidly 
with the dimensions the ship, and the corresponding fixed charges 
increase faster than the saving the cost transport, and, therefore, 
where terminal detentions are comparison with the length 
haul, the fixed charges from interest and insurance, connection with 
the time round trip, determine the maximum limit economical 
construction. 

With the Suez Canal the elements the.problem are entirely 
different. The vessels passing the canal make trips several thousand 
miles, and, since the depth canal the controlling element for the 
entire trip, will pay increase the depth 32.5 ft. with traffic 
only one-third that our Lake waterways, where, with limited 
length haul, ft. seems economical maximum depth for 
waterway improvement. 

Referring Mr. Monro’s discussion, the writer means 
wishes understood believing that the Canadian Canals will 
prove failure only far they may expected divert traffic 
from the present lake and railroad lines, materially modify freight 
rates such lines. 

The Canadian Canals are achievements that their projectors may 
well proud of, and the future, the past, will continue 
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important factors the transportation Canadian products and 
manufactures, which are almost certain largely increase the near 
future. 

well known that barges ft. safely navigate 
the Great Lakes except during the average quiet and for this 
reason capable passing vessels ft. draft, or, say, 
ft. deep, has been advocated. 

Such canal would shut out all traffic with the seaboard with the 
modern lake freighters, and, from the longer time required for passing 
fleets barges through locks, would not have nearly great capa- 
city 21-ft. canal. Such canal would way aid the devel- 
opment ship construction the Lakes, and, far the writer 
can see, would not produce any the indirect benefits expected 
from deeper waterway with large locks. 

Observations determine the relative speeds large steamers 
deep and shallow water and restricted channels have been continued 
since the writer’s paper was written, with results which practically 
confirm those obtained the Board Engineers Deep Water- 
ways. 

The observed speeds five steamers running between known points 
Lake Huron compared with those Lake St. Clair, where the 
depth was only ft. greater than the draft the vessel, showed 
reduction speed 16% theshallow water. should remem- 
bered, however, that with speed miles per hour, 
run sort trough produced the motion the boat and the 
action the propeller, that there the ship about 
ft., making the depth water beneath the keel that much less than 
indicated actual draft ship and depth channel. 

The observed speeds through the St. Clair Flats Canal and the 
restricted channels the St. Mary’s River show little greater aver- 
age than that obtained the Board Engineers Deep Waterways, 
and indicate beyond question that miles per hour perfectly safe 


speed waterway ft. deep, and having cross-section 500 
sq. ft. 
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Discussion.* 


this paper the method calculating the stresses the structure, 
structure itself that the author would direct particular attention. That 
part the paper devoted description and illustration the work 
limited and devoid detail necessitate going outside 
sources for information relative this structure sufficient render 
intelligent discussion the subject possible. Fortunately, timely 
articles, appearing recent issues two technical journals, supply 
many the necessary data which should have been given the 
author. 

The reasons offered for adopting such design the author submits 
for criticism are means satisfactory, and hoped that 
discussion will bring out the relative merits the several designs 
referred to, well properly executed design the articulated 
type. While the latter type was excluded from competition, would 
doubt possess advantages over that used, both economy and 
rigidity. significant that the weight the new structure should 


nearly double that the old, even after making due allowance for 
the increased traffic. 


Continued from January, 1901. See also November, 1900, Proceedings, for paper 
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The fact that the columns bent approach nearly together 
the top vital importance the adopted design; and, without the 
verification actual figures, the use this type for double-track 
structure would precluded reason the greatly increased 
bending moments the tower bents, and the resulting increased cost. 

not necessary state that the most suitable design for any 
structure that which most nearly fulfills all the requirements each 
particular case; and while allowance may reasonably made for the 
personality the designer, where matters judgment and taste are 
involved, nevertheless incumbent upon him adhere strictly 
the principle utility and suitability design. This principle, 
when broadly interpreted, will found amply elastic cover 
all practical cases. Originality and fertility resource are always 
commendable and usually valuable, but, unless guided good judg- 
ment and practical common sense, are apt lead extremes. Neither 
prejudice against established forms, nor liking for the unique may 
allowed dictate what design should should not be. 

the present case there are several details construction open 
criticism, and, while the speaker does not wish understood as. 
condemning the design whole, there nothing the paper under 
discussion, nor the requirements the case, far known him, 
which, his opinion, would justify its adoption. 

the analytical treatment for the determination wind stresses, 
the author has presumed too much and left much unexplained that 
read the paper intelligently means almost work out the problem 
independent lines. 

fact, was not until the speaker had worked out the problem 
for himself that realized wherein lay the difficulty with the author’s 
method. 

Why the author felt justified considering the columns fixed 
the base past comprehension; and clearly error doing. 
the case one-story bent, not only the base the tower leg 
not fixed, but very much less fixed than the top, and the point con- 
traflexure the column should somewhat below the 
is, nearer the smaller moment tending fix the ends. 

incongruous result the author’s assumption and treatment 
that the point contraflexure nearer the greater moment assumed 
applied the base the column insure its absolute fixity. 

should made cover the strut connecting the bases the 
columns, well the other members the bent, little reli- 
ance can placed the anchor bolts fixing the legs—especially 
the expansion side the tower. 

The moments the lower struts may always expressed terms 
the moment the adjacent column. the expression for the 


there results, 9.96 X,, for the moment the strut when 
the sign Mis 


This moment divided the half width the tower base gives 


Whence 


9.96 


This result, divided the moment inertia the strut, and added 
the equation condition already found for the other members 


the bent gives, 
10750 


The resulting moments (Fig. 12) 
the bent are: 


The point contraflexure located 
20.6 ft. from the top the column, 
or, about ft. from the theoretical 
middle point assumed the graphical 
solution. 

Proceeding similar manner 
the case two-story bent, the 
unknown force acting the middle the strut uniting the bases 
the columns found 

the equation moments [34.363 (X, X,)] 

from which there results: 


20.8 
also, 
20.8 


These expressions, when divided the moment inertia the 
lower strut, must added the equations condition already 


x 
X,=16.8 
M, = 80.1 
=, 
x 
; 
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found the author. Performing the necessary operations, there 
result the following equations: 


182 930 165 309 400 509; 

668 26666 797 015. 
Whence, 19,29, and 11.3; 


The resulting moments the several members the bent, well 
the positions the points contraflexure, are shown Fig. 13. 

These results not differ materially 
from those the author, but the result- 
ing moments the columns are uni- 
formly greater the top and less 
the base, owing the less degree 
fixity the base than was assumed 
the author. noticeable also that 
the point the upper 


19.29 


— -265 


ably lower (nearly ft.) than one- 
story bent. 

The position the point con- 
traflexure depends upon the relative 13. 
fixity the ends the individual member. 

Owing the symmetry the bent, the ends the struts are 
equally fixed, and the points contraflexure are their middles. 
The ends the columns, however, are not equally fixed, rule, 
and the points will found nearer the smaller 


‘moment. 


the struts the bases all the smaller towers are those used 
the corresponding panel points the large tower, counting from the 
top, very serious errors will found the stresses the smaller 
towers; but if, the case the large tower, the bottom struts have 
been made slender compared with those above, the resulting 
stresses, when these struts are included the system, will found 
differ substantially from those given the author. 

The erroneous assumption fixity the base the columns, 
and the failure extend the calculations the bottom struts, have 
led serious errors the large tower. 

Here, the bottom strut has moment inertia 216 quad. 
ins., while the half length 51.02 ft. The moment the base the 


column 


| 
4 


negative moment; hence, 


51.08 


Substituting the value (a) there results: 


The value this integral, when divided the moment inertia 
the lower strut, must added each equation condition. 
Multiplying each equation 107 500, the value the largest moment 
inertia, and grouping the values X,, there result 
the following five equations, containing five unknown quantities: 

The values the unknown quantities resulting are, 19.454, 

The value X,is found from Equation (a), and 0.729. 

The resulting moment, and positions the points contra- 
flexure, are shown Fig. 14, the notation the author having been 
followed, order facilitate comparison with the results given 
him. The effect the author’s assumption strikingly illustrated 
the case the columns the first story where the moments the 
top are increased about 70%, and Strut No. where there 
increase the moment about per cent. 

noticed also that the point contraflexure the column 
the first story found about ft. below the middle point, 
while the moments given the author show about ft. above the 
middle. This illustrates the danger arbitrary assumptions 
basis computations, and points clearly the duty using simple 
determinate forms unless conditions are such require otherwise. 

The increased moments the first story will run the unit stresses 
considerably above the limits fixed the author, and would seem 
necessitate the use diagonal rods, lower struts greatly increased 
moments inertia, correct the evil. 

will probably noticed that while the author has expressed the 
moments foot-tons, the moments inertia the several members 
have been expressed quad. inches. This very fruitful source 


which must taken negatively, since produces left-hand Mr.LaChicotte: 
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error ordinary computations deflections, but the present case 
error results because the relative and not the actual values 
the several moments inertia which affect the results. 

The work deformation truss beam may produced 
moment, direct stress, shear torsion, any combination, depend- 
ing upon the manner application the external forces. 

ordinary bridges torsion avoided reduced minimum; 
that its effect may generally neglected. trusses the shear 
usually replaced direct axial stresses, and beams the work 
deformation due shear very small compared with that due 
direct stress bending; that the effect shear, such, may 
usually neglected without sensible error. 

Under ordinary conditions, the only forces that need considered 
producing deformation are those bending and direct stress; 
that the work deformation, which must minimum, may 
generally expressed the formula 


Where the moment the external forces; 
=the moment the section; 
axial direct stress acting upon the section whose 
area 
and the element length. 


matter common knowledge that force acting bridge 
member ordinary proportions will distort much more bending 
than either direct tension compression, and requires more 
material resist the action bending than that direct stress. 
This but another way saying that the work deformation 
axial force very small compared with that moment, and the 
author properly recognized this fact dropping from the foregoing 
equation the expression for the work the direct stresses; reducing 


-the equation the form 


But doing must have realized fully that omitting the 
diagonal bracing the towers became necessary introduce into 
the tower legs resist the bending, sectional area many times that 
the discarded diagonals. Nearly one-half the sectional area the 
tower legs required resist bending, while small part this 
additional area would for effective system diagonal rods. 

The writer fully realizes that the lighter structure not neces- 
sarily the cheaper, there are many other considerations besides that 
weight material. Facility erection important, but the data 
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given the author not point undue economy this respect, 
even after allowing for the removal the old structure. Uniformity 
details has important bearing upon the cost, both manu- 
facture and erection; but uniformity very often secured too great 
sacrifice material, and the ultimate cost the structure thereby 
increased rather than reduced. the contractors furnished the work 
this instance pound rate, they are congratulated for 
devising type structure involving minimum shop cost and 
maximum tonnage. 

Gustav Am. Soc. (by first Kin- 
zua Railroad Viaduct (built wrought iron) attracted world-wide 
attention from engineers the time its construction (1880-81), 
because its great height and the rapidity its erection. Its arti- 
culated design short spans—expansion joints every tower, and 
the towers made braced bents, which were subject large bend- 
ing strains the direction the track—was not favorably thought 
that time some engineers, who believed that the rigidity and 
durability the viaduct were impaired thereby. Experience has 
proved the prediction correct. well known that, almost. 
from the beginning, trains over that structure were obliged slow 
down about miles per hour. Even then the vibrations, although 
not dangerous, caused unpleasant sensations. 

The old structure was typical the American form, distin- 
guished from the European form, metallic viaducts. -In the latter 
the aim was always obtain great rigidity, that trains could pass 
over them without diminution speed. Compact towers, continuous. 
girders and longer spans were the leading features. Long-span arches 
also occur parts such viaducts over deep ravines, the 
Garabit Viaduct, France, and the Minster Viaduct, Germany. 

this date, far known the writer, there are provisions insist- 
ing upon rigidity structure. obtained, accidental, the 
result extra provisional care the designing engineer, which 


obligation give. The old Kinzua Viaduct complied all 


respects with the old Erie specifications, which were then considered 
among the best. Nevertheless, was swaying structure, unfit for 
trains ordinary speeds, and inferior similar structures 
built ten and twenty years earlier. 

Among the earliest was the well-known double-track viaduct 
Freiburg, Switzerland (built 1862), about 225 ft. high and 100: 
ft. long. The Iglava Viaduct, Austria, the Ossingen Viaduct, 
Switzerland, and others considerable height and length, followed 
the Freiburg example. Faulty some their details are, the light. 
present engineering knowledge, the essential fact remains that even 
that early day was found practicable build high iron viaducts 


The weight locomotives and cars these viaducts since then has 
also increased, but they have stood wear and tear very well, and, 
far known, will, with few repairs, serviceable yet for number 
years. 

the American construction, greater importance was attached 
the temporary advantage rapid erection, without falseworks, and 
with the fewest men, far away from the bridge shops. led 
type thin-legged and short-span trestle structures flimsy appear- 
ance, inferior rigidity the European type. The trestle type may 
answer well enough for low heights, but not suitable for greater 
heights, proven the old Kinzua Viaduct, and few other 
American railroad viaducts less height which could named. 

The weight locomotives and cars the Erie Railroad has nearly 
doubled the last twenty years, and the viaduct might have had 
rebuilt any case; but, doing so, the time had arrived also for 
rigid structure over which trains could run full speeds. This 
should have been the leading thought the new design. appears 
from this paper, and from the character the plans, that such was 
not the case. 

Because rolling stock has doubled weight the last twenty 
years, does not follow that will double again the future. The 
limit will soon reached (by reason the crushing strength hard 
steel rails and wheel tires). increase 50% the weight 
the present heaviest rolling stock improbable. But should 
occur, that margin amply covered the working stresses the 
present Erie specifications. The new structure, under these condi- 
tions, should have been designed permanent one, last cen- 
turies. 

For intelligent judgment the plans, Mr. Grimm does not 
furnish sufficient data. There is, for instance, elevation dia- 
gram the viaduct, showing the arrangement and location the 
expansion joints. The description them page 1070* not 
intelligible without such elevation. weights the new structure 
are given, from which the economy design could judged, view 
the author’s allegation that the choice the peculiar system 
wind bracing the towers was prompted economy, when com- 
pared with other systems bracing. Neither are data given the 
behavior the structure under trains. 

Some remarkable assumptions have been made. For instance, 
below the (Fig. 8), showing the stresses the tower bracing 
from breaking, note follows: 

The computation the stresses from the braking trains assumes 
the point half the height the towers.” 
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From which appears that the towers are assumed have the 
top bending moments the same value those the bottom, where 
the tower legs are anchored. How these are possible with the shallow 
plate girders the superstructure (of different heights and discontin- 
uous chords) requires explanation. 

The horizontal force from braking train per tower not stated 
the diagram, but may judged, from the strains given for the stiff 
web members, about 000 lbs. for one side, tons per tower. 
For prudential reasons, the entire height the tower, and not half its 
height, must taken the leverage for that force. The placing 
expansion joint the superstructure every third fifth tower has 
not the slightest influence that condition. The bending moments 
the base will, therefore, double those assumed; and there can 
bending moments the top the towers worth considering. 
Whether the columns and anchorages the foot the high towers 
are sufficiently strong resist those larger bending moments cannot 
judged from the meager data the paper. 

There are the further questions: How much the towers bend 
defiect under the horizontal braking force applied And 
does not the bending the towers subject the riveted connections (of 
the track girders) their tops large bending strains, for which 
these connections are not adapted? Would not the high towers bend 
much under suddenly braked train cause the girders slip 
off the roller bearings the expansion joints, and cause the viaduct 
collapse? not the only safety against such occurrence the 
continuity the track structure? 

These important questions can accurately answered only with 
the aid deflection diagrams the towers, which are not given. 

The most characteristic feature the towers, however, the 
peculiar lateral bracing, called ordinarily the wind bracing, because 

(except curves) usually dimensioned only for wind pressure, 
assumed act quiescently. But the fact cannot overlooked that 
this bracing also exposed the lateral impact and vibrations gen- 
erated the moving trains. These strains are dynamic their nature, 
and therefore more dangerous The impact and vibra- 
tion increase the square the Every trackman knows 
from experience that shaky structure trains must run slowly, 
although may not know the theoretical reasons for that necessity. 

Most bridge specifications make allowance for vertical impact 
the addition arbitrary percentages the train-loads. similar 
allowance should made for horizontal impact, for the lateral vibra- 

tion fast moving trains, and for the violently alternating strains 
the bracing. ordinary bridges, these strains may safely enough 
assumed included the wind strains; but high viaducts, 
long such assumption not warranted observed facts. 
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the towers. Stiff gusset connections with the horizontal braces 
take their place, the plea that they are more economical. This 
may well doubted. Does that arrangement produce more rigid 
construction laterally? obvious that diagram the 
tower bents right angles the track would furnish the emphatic 
answer No.” 

Higher mathematics, applied the principle least work, was 
probably never used for poorer purpose than the calculation 
this tower bracing, needlessly made statically indeterminate, and 
which inferior the statically determinate bracing the old towers, 
unsubstantial the latter had been. The whole procedure shows 
misconception the fundamental conditions good designing, and 
theoretical trifling with problem, involving the safety the 
structure. 

Its details are also open question. For instance, tke large shear- 
ing strains the tower columns from the bending moments the 
gusset connections are taken the lacing angles. The single 
shear rivets these angles, therefore, have resist strains additional 
those ordinary lacing. The alternating strains from the horizon- 
tal impact and vibration expose the lacing angles action. 
There great likelihood here the rivets loosening and endanger- 
ing the stability the towers. turning the columns one-quarter 
around, that the solid web plates weuld -have taken the shearing 
strains, that danger, least from loose rivets, would have been 
avoided. 

But, after all, the defects the bracing may readily cured 
the insertion additional triangular diagonal braces. 
sity for them the higher towers will arise sooner later. 

the new viaduct should seem present stiffer than the old 
one, can only the low bents and under slow trains, and 
reason the greater weight and bulk the new structure. 

rigid viaduct does not necessarily mean more expensive one. 
Expansion joints should the fewest The structure 
only about 000 ft. long, and dilatation joints placed each end 
the viaduct would have been sufficient take care temperature 
changes. The towers should not subjected the heavy strains 
from braking trains; they are not adapted for them. Resistance 
braking trains can furnished without them. Looseness structure, 
lengthwise with the track, was potent cause the shakiness the 
old structure. 

competition designs and bids had been invited, the condi- 
tion that the new structure must suitable for fast trains, and that 
the sudden braking, the starting up, double-header train must 
wise endanger its safety, then the proof would most likely have 


The neces- 
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been furnished, variety designs, its being readily attainable, 
and greater cost (if great) than the structure described this 
paper. 

Esq. (by letter).—This paper raises many most inter- 
esting questions, both theoretical and practical. 

For the calculations, Mr. Grimm gives preference applica- 
tion what known ‘‘the principle least work,” principle 
little known and less understood, even many who use it, that 
brief examination and exposition here may interest. 

commonly stated, this principle declares that actual 
stresses structure are those which make its work deformation 
minimum.” But, set forth these terms, the principle several 
ways most misleading when not actually incorrect. suggests that 
based the popularly accepted law that all natural processes tend 
pursue the course most economical energy. Yet, this latter 
not true law, the principle, far correct, cannot simply 
special application it. 

one sought interpret the law, ignorant the rules for its 
application, one’s impression would probably that asserted 
that the actual stresses (which are, course, equilibrium) repre- 
sented less stored energy than any other set stresses (not balanced 
and therefore momentary), that is, that asserted that the energy 
the frame the state equilibrium under given forces was less 
than any non-equilibrated state under these forces—a law 
dynamics. 

But, actually, way states conditions equilibrium, and 
not law dynamics. What really asserts that the set stresses 
equilibrium under the given applied forces, which would wholly 
disappear the removal those forces (that is, which would occur 
under the applied forces there were initial stress), that one 
among all possible sets stresses equilibrium under the given 
applied forces (for there are numberless such sets for all indeterminate 
structures), for which the potential energy the structure least. 
And the reason for this fact the simplest. For structures obey- 
ing Hooke’s law, the distortion accompanying the application any 
given set forces independent the existence initial stress, 
and, therefore, not only the change stress, but the work done the 
structure the applied forces, and, therefore, the change the 
potential energy the structure, are independent the existence 
initial stress. Thus, the total potential energy structure 
equilibrium under given applied forces its initial potential energy 
(due its initial stresses) plus the (invariable) change potential 
energy due the application the given forces. The total potential 
energy evidently least when the initial potential energy zero, 
that is, when there initial stress, and thence the law last 
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universal law Nature, but simply limited law the theory 
elasticity, dependent for its truth, even the second form given 
herein, whether Hooke’s law happens hold, does not happen 
hold, for the materials and manner distortion the structure 
under consideration. its first form not necessarily correct, even 
where Hook’s law does hold, for the stresses determines are, gen- 
eral, simply the changes stress due the gives applied forces, which 
are only the actual stresses when there chances initial 
self-balancing stresses. 

Now, its application: First, the potential energy the struct- 
ure under the given applied forces must expressed terms any 
variable set stresses equilibrium with them, and including 
their variation the set stresses sought. This done noting how 
many more stresses have determined than there are conditions 
provided statics. many the stresses have thus been found 
excess are then designated unknowns. They evi- 
dently may independently given any arbitrary values whatever, and 
the conditions provided statics still satisfied. They are, there- 
fore, independent variables. The conditions statics now permit all 
the stresses the structure expressed terms the applied 
forces and these unknown stresses. Thence very easy express 
the corresponding potential energy the structure. Now, for the 
solution sought, the set stresses for which there stress, 
the change stress under the applied forces—the set values 
the unknowns—the independent variables—must found, which will 
make the expression for the potential energy the structure mini- 
mum. This purely question mathematics. known, the 
differential coefficient the expression for the potential energy 
the structure, with respect each the independent variables, must 
zero. This gives many equations there are independent vari- 
ables. Stress being proportional strain (Hooke’s law), the expression 
for the potential energy the structure quadratic terms the 
variables. These partial differential coefficients are therefore linear. 
The values the independent variables, consequently, are deter- 
mined simply solution linear equations. Sueh is, outline, 
the complete explanation ‘‘the principle least work” and its 
application. 


What are its merits and demerits working method? may 
asked. 

may used almost mechanically, and therefore saves thought, 
but the expense understanding. Like most integral theorems, 
sort blanket which hides the details and prevents the per- 
the significance and purpose the procedure. this 
account, the writer inclined prefer the use more objective 
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method, which the structure conceived being cut 
otherwise altered make statically determined, place forces 
and moments the various cut sections otherwise altered points 
replace the restraints removed, then, preferably, aid the 
method virtual work (also known the method virtual veloci- 
ties displacements), determine the corresponding displacements, 
the equation which gives the conditions which must exist the 
original uncut and unaltered structure. the case initial 
stress this results precisely the same linear equations before, 
but here the meaning each clear; one close touch with the 
physical problem all times; errors are easily discovered and cor- 
rected; the consequences changes are readily perceived, and one 
gains really intimate into the workings the structure 
which the object the investigations. particular, cases involv- 
ing consideration changes temperature, yielding supports, errors 
workmanship, and initial stresses generally, are dealt with clearly 
and readily. 

Turning from general considerations special problem offered 
the design the Kinzua Viaduct, consider the plane bent five 
stories. cutting through each the five headers, say the mid- 
dle, separating the two halves and putting each cut section the 
which had actually acted before the cutting, each the 
halves would become statically determinate, and would offer fur- 
ther difficulties. But these forces acting the cut sections are pre- 
cisely those which are not known, but have determined. 
each section there are three these, shear, axial stress and 
moment, fifteen all. Indicating each these letter, there 
would difficulty writing out the expression for the potential 
energy the whole bent terms the applied forces and these fif- 
teen unknowns. Partially differentiating with respect each these 
unknowns, and placing each result equal zero, fifteen linear equa- 
tions between the fifteen unknowns are obtained, the solution 
which yields their values. 

But Mr. Grimm’s treatment not fifteen but only five unknowns 
appear, and only five equations are found. This consequence 


one-half the sum all the products the stresses into the corresponding strains—if 
the material obeys Hooke’s law. The strains are proportional the stresses 
say—so that the potential energy the structure becomes KS?. Now, 
the structure statically indeterminate, the are linear functions the super- 
abundant stresses The values these, there are initial stresses, has 
been seen, must satisfy the equations obtained the partially differentiating the 
energy equation, with respect each them, bearing mind that they are 
independent variables, and equating each result zero. That is, the are determined 


But the expressions are the stresses which would result, the value unity 
were given the Xin question, all other being the equations become: 
form familiar all who use the method virtual work, which 


once expresses the fact that the difference displacement the direction the 
two sides the section which the stress works, zero. 
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his neglect certain factors. the complete equations were written Mr. Cilley. 


out, denoting and the axial stress and central moment, re- 
spectively, each header, would found that, owing the sym- 


metry the structure and the character the loading, the equations 


and not contain the representing the expression for 
the potential energy the bent under the given loading. Mr. Grimm 
considers only the first set equations. The second and third sets 
determine values Yand largely dependent the compressibility 
the headers. Assuming the headers incompressible (although 
flexible) the and become zero, and this, least, involved 
Mr. Grimm’s solution. further treats the columns incompres- 
sible and inextensible, although flexible. Mr. Grimm’s statements 
this connection page 1075* are very misleading. 

Turning Mr. Grimm’s actual work, may noted that has 
integrated for the vertical distance between headers, instead for the 
true oblique lengths the columns. These and other errors his 
work, made apparent calculation the deflections from his 
results, which wholly failed check, made futile attempt any 
thorough discussion Mr. Grimm’s design from his own data, and 
the computation correct data too laborious. 

two points, however, important arrive some sort 
conclusion: the economic necessity the design used, and 
its stiffness. 

the first these, the writer finds that Mr. Grimm’s data 
the unit stress the headers rises some 000 lbs. Taking this 
basis, and the column formula published, the writer computed 
stiff system diagonal bracing about 45° with the vertical, and 
found least light the headers. that, even without con- 
sidering the removal the secondary stresses the columns (some 
000 per square inch) resulting from the use the stiff diagonal 
system, least economical that actually used, thus showing 
that Mr. Grimm was mistaken supposing his design one required 
for economy. 

the second, apparently does not require argument 
demonstrate that completely braced frame must have smaller 
tions for the same unit stresses than frame without diagonals, resist- 
ing only through the bending relatively slender members. Mr. 
least, can hardly take exception this conclusion this 
case, for his work has gone the basis that the distortions due 
bending are great that those due axial stress are compari- 
son wholly negligible. Either this correct Mr. Grimm’s compu- 
tations are worthless. 
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FINDING THE POSITION, ETC., STIF- 
FENERS PLATE GIRDERS. 


Discussion.* 


Mr.LaChicotte. Am. Soc. E.—The author has suggested 


graphical method spacing rivets plate girders, which really 
graphical solution well-known formula: 
which the pitch; 
the rivet value; 
=the depth girder 
between rivet lines; 
and shear, assumed 
more less uniformly dis- 
tributed over the section. 

Fig. will indicate clearly the 
derivation the formula the 
method moments. 

According the common theory the plate girder, the lines 
stress the web act angle 45° with the vertical, that the 
stress induced the flanges the web must, length flange 
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equal the depth the girder, equal the shear. 
there must enough rivets either flange, within length equal 
the depth the girder, equal the shear. 

If, addition the horizontal stress the flanges, the rivets are 
required transmit the web local load, more less distributed 
and acting right angles the flange stress, the rivets must spaced 
resist the resultant the two stresses. 

distributed over distance (less than the diagonal 
lines stress distribute over equal distance the vertical 
section the web, and, order distribute with equal intensity 
over the whole section, must first divided find the unit 


intensity, and then multiplied or, The formula for pitch 


now becomes: 


the load distributed over distance equal 


The application the formula very simple, after the 


has been computed the requisite number points; and, know- 
the law change the shear, the desired results are quite 


quickly obtained the analytical the graphical method. For 
any particular girder, being the only variable, the values for 
any number points corresponding known values may all 
from slide rule single setting. 

the stresses the girders are found graphically, the author’s 
method spacing rivets valuable adjunct, but these stresses 
are determined analytically, the time and labor constructing the 
diagrams for spacing the rivets graphically would much greater 
than the analytical solution the problem. 

any the foregoing equations transformed and solved for 
the resulting value for Maximum Minimum determines the 
necessary thickness web when reference made table rivet 
values for any particular size rivet. 

rivet spacing stiffeners, these formulas may may not 
apply. they apply, necessary assume that the stiffeners act 
columns, and this, least, moot question. illustrate, imagine 
number planks piled edge one upon another; unless supported 
laterally, they would not stand alone, much less carry 
upon them; but, posts directly opposite each other placed 
each side, contact with the planks but not attached them, con- 


other words, Mr.LaChicotte. 
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siderable load would sustained the planks, although receiving 
little assistance from the posts. This seems show that the office 
the stiffener not take stress, but enable compel the web 
so; and, for that reason, only few rivets are needed the 
properly hold them together. usually constructed, there doubt 
that the stiffeners act with the web and serve disturb and compli- 
cate the theoretical lines stress, but there reason for assuming 
that because they take some stress they must take all over and above 
the buckling value the web. 

The foregoing reasoning applies specially intermediate stiffeners, 
which not serve any external load the web. 

the case concentrated loads brought the web from trans- 
verse floor beams, more less distributed either flange 
the girder, the stiffeners must proportioned convey these loads 
the web, but each these cases practical considerations con- 
struction will usually determine the size stiffeners. 

the ends the girder the lines stress being cut, the web has 
little buckling value,.and the stiffeners must proportioned convey 
practically the whole shear the support. The stress the end 
stiffeners due shear varies practically from zero the top about 
the full amount the shear the bottom, and there must rivets 
enough convey this shear from the web the stiffeners. girder 
properly stiffened the ends and points local concentrated loads 
will usually need very little intermediate stiffening. 

The author suggests figuring stiffeners flat-ended columns, and 
the questions naturally arise: Upon what will these columns 
the bottom flange, how can rivets enough grouped the 
flange the base the stiffeners convey the reaction the column 
from the flange the web? And why should the shear follow the 
roundabout path through stiffeners and flanges 

The author refers well-known formula for finding the buck- 
ling values webs, and advocates the spacing stiffeners about the 
depth the girder apart whenever the shear the web equals 
exceeds the value the formula 


000, 


This method spacing stiffeners, while quite common, not con- 
sistent, for the reason that this formula pretends give the buckling 
value the web, but does not express the relation this value the 
shear. 

the web needs stiffening all, why not some proportion 
the shear? the foregoing formula applicable all, should 
made express the actual relation between load and column length 
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substituting ‘‘shear” for and solving for whence results 
for the distance between stiffeners flange angles, 


shear 


When more than the depth girder, stiffeners are required, 
except for local concentrated loads. 

The common practice stiffening plate girders distances apart 
about the depth the girders, probably far the side safety; 
but would, nevertheless, unwise depart materially therefrom, 
until more rational method has been devised. 

regard determining the size stiffeners necessary prevent 
the web from buckling, may said that rational method 
figuring the stresses the webs plate girders has yet been devised, 
and therefore exact determination the size stiffeners pos- 
sible. 

useless say that the web maintained its plane form, 
‘stiffeners would required; but the webs are not perfect planes, 
having many bulges buckles more less magnitude they 
come from the mills, and which buckles cannot always detected 
removed the process manufacture the girder. 

may safely said that stiffening angles large enough accom- 
modate the rivets and conform the usual shop practice will prevent 
the web from buckling. course, the end stiffeners, well those 
points local concentrated loads, may larger than elsewhere; 

and, perhaps, the most that can said that good judgment based 
present practice will usually safe guide special cases. 


Am. Soc. E.—The speaker admits with can- Mr. 


dor, and with pride, that far has had anything with 
plate girders, has followed the teachings and experience Theo- 
dore Cooper, Am. Soc. E., who taught, order get more 
rivets safely into the flange angles, and devolop fully the efficiency 
these angles, their depth should increased carry least 
two rows rivets wherever many rivets were required. This has 
double advantage: The rivets need not spaced dangerously near 
together, and the deeper angles confine all the elemental portions 
the web, that, considering them columns, they are practically 
fixed the ends, and, consequently, are better able sustain the loads 
imposed. 

The Pennsylvania practice has been very largely followed this 
country and elsewhere. good deal the misunderstanding about 
stiffeners plate girders probably caused following the 
vania standard too closely. interesting experiment was made 
one the Pennsylvania engineers: constructed model girder, 
from paper, then, after cutting the web diagonal lines 45° 
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one direction between the stiffeners, spaced equal intervals about 
equal the depth the girder, the girder was put under stress. 
found that the stiffeners took the vertical load, and that the elements 
the web buckled under compression and remained straight under 
tension. course, cutting the web that manner converted the 
model girder into sort Pratt truss, and the conclusion drawn, 
that stiffeners were necessary intervals equal the depth the 
girder, was quite logical sequence from the premises. 

The more rational method, and that more closely followed 
recent times, consider plate girders acting very much lattice 
girders act. Take case which the girder web not stiffened; 
then, regarded lattice girder, there infinite number 
intersections, and assumed that the stresses pass diagonal 
lines through the web, both directions, while the compression would 
tend buckle the web, the tension along the other lines right 
angles would tend keep straight. matter fact, all tests 
plate girders, found that there remarkable and 
countable degree stiffness the unsupported web. 

Mr. LaChicotte right stating that, there are rivets enough 
the stiffeners prevent them from buckling out, all that can 
required. Fitting them against the flanges not necessary, unless, 
has said, the top the girder sustain the load; 
which case, course, there must close fit, least against the 
top angles. 


There has been great misuse stiffeners. some elevated rail- 


road structures, for example, where the uniform loads are relatively 
low, and where the girder often very shallow, 3-in. web generally 
used with multitude stiffeners. quite ordinary practice the 
angle used stiffener, and often placed with its back toward 
the middle the girder. the middle the girder, either for sym- 
metry from desire strictly impartial between the two ends 
the two stiffeners are placed, back back, where none 
needed. These structures have generally been built the pound, 
designs the contractors, and such cases this excess stiffeners 
has advantage not easily overlooked. Some ten years ago, sev- 
eral miles elevated structure were built which, deepening 
the standard girder about 15% and omitting stiffeners, the average 
strength was increased and the weight diminished nearly per cent. 
this structure, leading bridge expert, recently engaged new 
owners report its strength, said: ‘‘The bold omission these 
(stiffeners) has apparently worked all right practice, and secured 
substantial economy metal.” 

late years there has been most exemplary attempt avoid 
serious errors the use stiffeners; rely, indeed, almost entirely 
the web itself, unaided stiffeners; and now the exception, 
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rather than the rule, find stiffeners stringers large bridges, Mr. Nichols. 
although they carry very heavy loads and are subject varying 
stresses, impact, etc. the Buffalo Trace Viaduct, designed 
Edwin Thacher, Am. Soc. E., some ten twelve years ago, 
the longer girders are about ft. length and approximate ft. 
depth. The viaduct carries standard-gauge railroad, and 
stiffeners whatever are used, but the webs the girders are in. 
thick. 

Engineers are approaching belief simplicity design, and 
that the fewer the actual number members used, the better. the 
metal the web can made take the stresses directly, and without 
the aid stiffeners, great deal better, very largely because 
absolutely impossible determine with the remotest degree 
certainty how such stiffeners will act. 


Jun. Am. Soc. E.—The speaker’s experience Mr. Rhodes. 
designing girders for buildings points conclusively the advantage 
using the graphical method for spacing rivets when the girders are 
‘subject combinations concentrated and distributed loads, any 
kind loading which gives unsymmetrical moment diagram. 
RIVET DIAGRAM. 


Tons Double shear, rivet, or bearing web.) 


4 9 
5.90 Tons | 114 Tons ee 


(136 pitch) 5.90 Tons 


pitch) 4.96 


Scale of Forces, in Tons 


2 3 
Scale of Pitch, in Inches 


Tons (Load per lineal foot on flange)- -— — — — - 


has been contended that the author’s method involves extra 
labor, necessitates the plotting shear diagram; but cases 
the kind just mentioned the speaker’s belief that graphic 
statics will most quickly and accurately determine the length and posi- 
tion the cover-plates, and that requires but very little extra labor 
plot the shear diagram directly off the load line the force. 
polygon. 


TABLE. 
Pitch | Horizonta Sh 

2 x 

2.5 

3 

, 
h=36-1=29 

10. 
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Girders buildings often carry walls floor arches which are 
supported directly the flanges, for which cases the 
practice, determining the shear values for the various pitches, differs 
from the author’s, shown Fig. 10,and the accompanying table. 
The example taken from the design 36-in. girder, web in. 
thick, rivets with the top flange carrying load tons per 
lineal foot. 

The horizontal components are scaled directly off the rivet diagram, 
the calculations are made with slide rule, and the shears are then 
plotted the shear diagram. 


Jonson, Assoc. Am. Soc. (by letter).—The 
author’s method spacing rivets plate girders undoubtedly the 
most convenient one yet proposed. There are, however, some points 
the paper which require further consideration. order that the 
problem the plate girder may better understood, necessary 
find the actual stresses the web. 

These stresses may found the following graphical method: 

Let total vertical shear; 

unit shear neutral axis; 
extreme fiber stress per unit length 
girder; 
area girder section; 
radius gyration girder section; 
distance from neutral axis extreme fiber; 
from neutral axis center gravity half 
girder section. 


Draw sectional view the girder, Fig. 11, and construct 
diagram the square the radius gyration. This done the 
following way: Divide the cross-section the girder into 
parts (twelve the figure). Take half the cross-section area 
pole distance Lay off the parts one-half the cross-section 
area the line Draw the moment diagram the 
parts the cross-section area were forces acting the center 
gravity each part. The horizontal ordinates the curve 
multiplied the pole distance give then the moment the part 
the cross-section area outside the point which the ordinate 
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taken. Hence, the distance from the neutral axis the center 

Since the horizontal bases the triangles which the area 
composed represent the moments the various elements the 
cross-section divided half that area, the triangles themselves must 
represent half the moment inertia these elements divided half 
the cross-section area. Hence, the area equal half the 
square the radius gyration the cross-section area with refer- 


ence the neutral axis; 


Since the shear any point the web proportional the 
cross-section area outside that point multiplied the average 
bending stress acting that area, e., proportional the moment 
the area with reference the neutral axis, the horizontal ordinates 
the curve are proportional the shear. 

The area twice large the area because the 
trapezoids which made are twice large the correspond- 

now take the pole distance, and draw the moment 
also get the curve C,, the ordinates which 
toward the axis are proportional the part the double 
area which lies below the point which the ordinate taken. 
Hence these ordinates are proportional the compression produced 
load top the girder. then lay off the load per unit 
length divided the web thickness and draw, means 
parallel lines, the curve with ordinates proportional those 
C,, diagram the perpendicular compressive unit 
stress due the load. 


For and smaller scale must used. Lay off 
and draw, means parallel lines, the curve with 
ordinates proportional those curve These ordinates then 
represent the unit shear the various points the web. 

Multiply with and lay off the result Also, lay 
off the bending moment both smaller scale than that the 
rest the diagram. Draw the parallel lines and The 
triangles are then the diagrams the unit stresses 
due bending; the ordinates representing the compression 
and those tension, for the unit stress the distance 
from the neutral axis the bending moment 
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order find the resulting principal stresses* lay off the unit 
shearing stress vertical line from Take the point 
dividing the distance two equal parts, center, and draw the 
circle The two principal stresses are then the 
the curve represent the tensile stresses, and those the curve 
the compression stresses. 

From the diagram will seen that unless the unit shear very 
small (in the present case less than one-third the extreme fiber 
stress) the stress not the extreme fiber, generally 
supposed, but the web the upper and lower pitch lines. 

The shear diagram further shows that the the rivet formula 
quoted the author, should taken the distance between pitch 
lines only when the used for rivets stiffeners supporting 
concentrated loads reactions. When used for rivets flange angles 
quite the safe side make equal the distance from back 
back angles. the present case even greater than the total 
height the girder. 

The author holds (page that when stiffeners are used, the web 
takes only part the shear, leaving the remainder the stiffeners. 
This clearly impossible, unless the stiffeners are arranged 
form complete lattice system. If, the present case. stiffener 
were inserted along the line Cit would greatly reduce the vertical 
compressive stresses but would not any way affect the 
shearing stresses. would, however, increase the resistance the 
central part the web preventing buckling wrinkling. Unfor- 
tunately the theory wrinkling has not yet been developed, that 
the dimensions and spacing stiffeners and their rivets cannot 
calculated. The writer refers proper. Uprights, inserted 
transmit concentrated load reaction the web, should 
regarded columns loaded along their whole length and, therefore, 
subject stress proportional the horizontal ordinates the 
Such uprights may, therefore, the author says, 
calculated for the allowed unit stress. The length, however, should 
not more than 120 times the radius gyration perpendicular 
the web, the length beyond which column good for less than 
one-half the allowable unit stress the material, because, such 
uprights, the load the center one-half the load the end. 

the load were applied the bottom instead the top the 
present diagram would have turned upside down. The curve 
would then represent the compressive stress, and the curve 
the tensile stress. 


Rankine, Applied Ch. V., Sec. 
Proceedings, Am. Soc. E., for November, 1900. 
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Assoc. Am. Soc. (by letter).—Mr. Schaub’s 
statement, deduced from experiment, concerning the erratic behavior 
the webs through and deck-plate girders much interest. 

what follows, the writer endeavors approach the propositions 
(at least one them) numerically. example, arbitrarily chosen, 
will serve for the investigation, which the following assumptions 
have been made: 

The sum the web stresses panel acts along the center 
lines imaginary web members square-paneled truss, with single 
diagonals the panels, the length each panel being equal the 

The loads (shear stresses) transmit themselves the shortest 
route from the center span the abutments. 

The same factor safety maintained all points the 
web. Web members under compressive shear are safe against 
buckling. Compressive and tensile shears are considered 
compression and tension stresses. 

The web have the same thickness the two cases. 

Beginning with the case the deck bridge, the imaginary truss will 
take the form represented Fig. 12; the position the diagonals. 


12. 

enabling the loads transmitted the shortest The 
stresses obtaining the web members are noted the right the 
diagram. 

The diagonals, only, being compression, the web will have 
proportioned for the stress obtaining them. 

the case the through bridge (or, perhaps, better expressed 
the imaginary truss will represented Fig. 18, 


d,= 


13. 


With the principal stresses acting 45°, according the theory the plate girder, 
and with the loads concentrated panel lengths, assumed, and the further assump- 
tion that compressive web stresses will follow the line least resistance, the arrange- 
ment the direction the forces, shown Fig. 12,suggests itself first. Fig. 
follows reversing Fig. 12. 
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permitting, manner that the first case, the loads Mr. 


travel the most direct route from the center the span toward the 
abutments. The stresses obtaining the web members are noted 
the right the diagram. They are the same magnitude the 
corresponding members the first case, but opposite character. 
The diagonals being tension and the verticals compression, the 
stresses obtaining the latter will, therefore, govern the dimension- 
ing the web for buckling. 

Before comparing the compressive stresses per unit length along 
the respective web members the two classes girders, first deter- 
mine the ratio the permissible buckling stress the diagonals (in 
compression), the deck bridge, with the one taking place the 
verticals (also compression), the through bridge. For this pur- 
pose select the empirical formula given Rankine. 

Calling the reduced stress for buckling, 


According the specification, cited Mr. Schaub, avoid the 
use intermediate stiffeners, assume the web have thickness 


the depth the girder. 


Introducing the given quantities the equations for and 
obtain, extending and simplifying, the denominators only the 
two fractions, 


and dividing the two values, the ratio found be: 


or, the permissible compressive unit web stress the deck bridge 
should but three-fourths the stress the through bridge, due 
the difference length the members. 

Since the web the same thickness the two girders, the fore- 
going statement would mean that the web the deck bridge 
stressed four-thirds much the web the through bridge, for 
the same load, and only far buckling concerned. 
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Mr. Schmitt. Comparing now the ratio the actual stresses, per unit length, 
the respective representative web members the two bridges, 
will first ascertain, which diagonal (stress) the deck bridge 
should compared with the corresponding vertical (stress) the 
through bridge for any the panels. 

Referring Fig. 12, evident that for the panel the center 
the compressive stress will the governing one, for the whole 
panel; its influence will extend from the center the span the 
vertical 

the case the through bridge, Fig. 13, however, the computa- 
tion the web for buckling will begin the vertical v,; being 


compression. Reasoning similarly regards the operation stresses 
the other, related, panels, can say: 


TABLE No. 


the deckbridge, in............. pane 


compute web for (length members, h\/ 
compute web for comp. (length members, h.) 


14. 


The sphere action the vertical, compressive stresses the 
through bridge represented Fig. 14. Any ordinate any the 
triangles represents the columnar lengths the web, subject, turn, 


(or d,, tension) 
45° 
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Esq. (by letter).—It stated page 1165+ Tuttle. 
the paper, that the most probable corrections will those the sum 
whose squares minimum after each correction has been divided 
its probable error. the square the probable error, however, 
that should and has been used the development the formulas. 

would inferred reader the paper that Dr. Bowditch 
developed his method from least-square considerations, although such 
not the case. The Analyst, Vol. No. Dr. Bowditch presented 
his well-known method, answer question proposed previous 
number that journal, the best method correcting compass 
Dr. Bowditch did not give the solution mathematical form, 
but presented the now common graphical one, stating, substance, 
that was reasonable assume that the corrections should pro- 
portional the length the lines, and parallel the closing side. 


This discussion (of the paper Charles Crandall, Am. Soc. E., printed 
Proceedings for December, 1900) printed Proceedings order that the 
pressed may brought before all members the Society for further discussion. 

Communications this subject received prior March 30th, 1901,will printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 


December, 1900, Proceedings. 
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remained for Dr. Adrian, the editor The Analyst, the same 
number, demonstrate Dr. Bowditch’s method least squares, and 
this work remarkable the earliest application the method 
least squares geodetic work, well for the general and instruc- 
tive form which given. This problem, and its solution Dr. 
Adrian, forms important and interesting part the early history 
mathematics the United States. Dr. Adrian demonstrates the 
following formulas, which are put into the notation the present 


Probable error bearing length line. 


Equations (3) and (4) are more general forms the author’s Equa- 
tions (17), which are obtained making Dr. Adrian notes, 
first, that when 

and motion angle points the direction closing line. Second, 
Third, when motion angle points direction perpen- 

will seen that the first case the method Dr. Bowditch; 
the second that the author, and supposes all the errors distrib- 
uted among the sides only, the bearings remaining unchanged. The 
third solution takes all the errors the traverse the bearings, 


the measured distances remain unchanged. 


Now, the foregoing general equations can used with substantially 
the same amount work those proposed the author, and with 
the use his forms computation. They have the advantage that 
the errors can distributed among the sides and angles any pro- 
portion, according the relative accuracy the measured sides and 
angles; these formulas have the defect however, that the correction 
the bearing any line inversely proportional the square root 
the length that line, transit survey, where the lines 
are not excessively short, should independent the distance. 

The fundamental defect the formula proposed the author is, 
that requires the errors distributed the sides only, while the 
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angular error, where many angles are involved, often greater. Mr. Tuttle. 
When the errors have taken up, either sides angles alone, 

the corrections will, general, double what they would dis- 

tributed through both. 

That which follows refers largely city work, with transits good 
make, and reading seconds, and tapes having spring balance and 
temperature adjustment. 

The probable error chaining appears increase less rapidly 
than the distance, and faster than the square root the distance 
assumed the foregoing formulas. The law the square root would 
probably true all errors which distance measurements were 
subject were compensating, and made large number purely 
accidental errors, equal number positive and negative ones oc- 
curring. But most them are not compensating, and, for any 
one line measured brief period, temperature and other errors pro- 
portional distance may considerable and cumulative, would 
seem quite accurate take the error chaining being 
proportional the distance, which form the error usually stated. 

would seem that for accurate and economical survey, some 
relation should exist between the accuracy demanded the chain, and 

-that the transit. adjustment that can devised perfect 
satisfactory that can take the place accurate work. quite 
important, therefore, that the proper relation between the precision 
the line and angle measurements should determined. 

Were the angle and distance measurements equally difficult, for the 
sake economy, the allowable error should divided equally between 
them, Dr. Bowditch’s method assumes. Theangular measurements 
being usually less difficult, some greater precision may observed 
their measurement, but the respective errors, usually, should not 
depart widely from equality, and this particular appears desirable 
that the assumption implied the usual rule, e., that errors due 
chaining and angle measurements are equally probable, should obtain 
practice. 

Assume closed traverse sides and angles, with angular 
one angle; then, make the figure geometrically consistent, far 


the angles are concerned, correction should applied 


n 
each angle. the same, effect, assuming the bearing 
one line the traverse, from which the bearings the other sides are 
derived, and weighting the two determinations the bearing any 
given side found passing from the assumed line, round the right 
and left, respectively, inversely the number angles passed 
through. 


Let the value any bearing determined passing through 
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angles the right, and passing through angles the 
left, and m,, and r,, the value and probable error bearing, after 
the error closure applied. 


Then, 


where and represent the probable error determination pass- 
ing round the closed figure the right and left, respectively. 

may observed that the probable error, here used, that 
obtained from the allowable difference angular closure, 
and consequently the probable error corresponding this differ- 
ence, and the maximum value which the probable error should have. 


2 
0.674a 


From the foregoing, seen that the probable error the bear- 


while the probable error single determination 


2 


The allowable error, is, therefore, 2.1 times the 
probable error single determination here defined and used. 
easily seen from Equation (6) that the probable errors the 


corrected bearings vary from zero the base 0.34 the bear- 
ing angles distant from the base, proportion the ordinate 


circle diameter divided into segments and 

impracticable assign different probable errors bear- 
ings the determination corrections, measure the angles 
secure bearings having uniform probable error, the square root 
the mean value the squares the probable errors should 
taken the constant probable error angle; this equivalent 
making Equations (3) and (4) constant, and equal its mean 
value. will define the square root the mean the squares 
the probable errors the mean probable error. The mean prob- 
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able error bearing, traverse angles, will therefore be, Mr. Tuttle. 


approximately, 


| 1 ren 


and the mean value the allowable error, being 2.1 times the latter, 


will equal 0.58 While this the mean value the allowable 
error traverse work connected with fixed bearings, the actual 
allowable error closed circuit where bearings are fixed, since 
each bearing similarly circumstanced relatively all the others. 

From the record the angles measured with several good 20- 
second transits, under service conditions, and different observers, 
the probable error single angle measurement was found 
less than seconds. This quantity, therefore, taken the maxi- 
mum probable error single measurement, and consequently, 
found that 2.1 the allowable error difference 
between measurements. 

The allowable error chaining with the tape before described has 
been found about 10000, and angular error 20.6 
seconds will cause error equal amount the location the 
end any given line. Therefore, when the mean allowable error 
traverse equals 20.6 seconds, the error due angular measurement 
will approximately equal the error dueto chaining, when measured 
with the accuracy 10000. have already found the mean 
find the value for equal precision angles and chaining, 

Table No. has been prepared from this equation. The first column 
gives values the number angles the traverse. The 
second, the values the allowable error angular measurement, 
e., the difference between two measurements should not exceed this 
amount for equal precision sides and angles. The third column 
gives the approximate number repetitions angle necessary for 
equal precision sides and angles when 000 0.58 


TABLE No. 


Repetitions necessary. 
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From considerable experience adjusting careful traverse work 
triangulation, has been found that where many angles are 
involved, the divergence due angular errors may considerably 
greater than errors due chaining, and this way the foregoing 
deductions the necessary care measuring traverses many 
angles has been verified. 

Equations (1), (2), and (4) may easily modified make the 
probable error distance measurement proportional the length 
line, and the probable error bearings independent the same. 
The equations then take the form: 


or, 
(9) 
(10) 


Now, when the angles and sides are equally well measured, will 
equal unity, and have 


will seen that these equations the squares the sides 
used precisely the same way that the sides are used the common 
formulas. While the latter make the corrections applied long 
lines comparatively slight and the corrections short ones large; 
Formulas (11) and (12) make the corrections the location any 
given point less when passing along short side, and greater the 
case long side, assuming the probable error the location 
given point proportional the distance that point, instead 


the square root the distance. 


These equations are simple, and readily deduced, that the 
writer has some misgivings presenting them new, although 
has knowledge that they have ever been proposed. They appear 
the writer superior the common formulas for the adjust- 
ment transit work, and also have the merit simplicity. 
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Filtration Water for Public Use. 
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4 


a 
q 


| 
j 


Vol. MARCH, No. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PROCEEDINGS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 


CONTENTS: 

Minutes Meetings: PAGE 

Announcements : 

Hours which the Society House 


MINUTES MEETINGS. 


THE SOCIETY. 


March 6th, 1901.—The meeting was called order 8.45 
President James Croes the chair; Charles Warren Hunt, Sec- 
retary; and present, also, members and visitors. 

The minutes the meetings February 6th and 20th were ap- 
proved printed Proceedings for February, 1901. 

The Chair appointed Messrs. Theodore Paschke and Burdett 
tellers canvass the ballot the proposed amendment Section 

paper Theodore Horton, Assoc. Am. E., entitled 
the Sewers the North Metropolitan Sewerage System 
Massachusetts,” was presented the author. 

The paper was discussed Messrs. Rudolph Hering, 


Fuertes, Waldo Smith, Tillson, Whipple and the 
author. 
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The tellers appointed canvass the ballot the proposed amend- 
ment Constitution made the following report: 


448 


THEODORE 


The President declared the amendment lost. 
Ballots were canvassed, and the following candidates were declared 


MEMBERS. 


Frank Greenville Junction, Me. 

MELVILLE Emerson Cascade Tunnel, Wash. 

Linpsay Astoria, Long Island 
City, 

Mason New York City. 

Porter Minneapolis, Minn. 

WALKER, Perth, Western Australia. 

WHEELER, Worcester, Mass. 


MEMBERS. 


ALEXANDER Topeka, Kans. 
CHARLES Bonnett, Elizabeth, 


The proposed amendment the Constitution printed full the present volume 
Proceedings, Vol. xxvii, 38. 


| 
| 
Tot 
a 
elected: 
| 


Howarp Eavenson, Uniontown, 
Emerson New York City. 
Foster Haven Memphis, Tenn. 
McCormack, Mayari, Santiago, Cuba. 
Frank Boston, Mass. 
VREDENBURGH, Jr., New York City. 


The Secretary announced the election the Board Direction, 
March 5th, 1901, Fox, Cor. Am. Soc. E., 
Honorary Member. 

The Secretary announced the election the following candidates 
the Board Direction, March 5th, 1901: 


ASSOCIATES. 


New York City. 
James Philadelphia, Pa. 


JUNIORS. 


New York City. 
New York City. 

Harry Van Toledo, Ohio. 
McHare, Detroit, Mich. 

Harrisburg, Pa. 

JoHN New York City. 
GLENCAIRN WELLS, Baltimore, Md. 
Henry AMERMAN Havana, Cuba. 


The Secretary announced the following deaths: 
elected Member May Ist, 1895; died February 22d, 1901. 
McCracken elected Member November Ist, 1882; died Feb- 
ruary 26th, 1901. Morris elected Fellow 
September 20th, 1872; date death unknown. 


Adjourned. 
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March 1901.—The meeting was called order 8.40 
President James Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, members and guests. 

paper, entitled Heavy Railway Construction Wyoming,” 
Boggs, Assoc. Am. Soc. E., was presented abstract 

written discussion Emile Low, Am. Soc. E., was 
presented the Secretary. 

The subject was discussed further the President, and Messrs. 
Howe, Edward North and Prout. 


Adjourned. 


THE BOARD DIRECTION. 


March sth, 1901.—8.05 Croes the chair; Charles 
Warren Hunt, Secretary, and present, also, Messrs. Bensel, Briggs, 
Buchholz, Carter, Knap, O’Rourke, Osborn, Ricketts, Seaman, Swain, 
Turner and Whinery. 

Ballots were canvassed the proposal the name Sir Douglas 
Fox for Honorary Member, and, unanimous vote the Board 
Direction and all living Past-Presidents, was elected. 

Applications were considered and other routine business transacted. 

Three candidates for Associate and nine for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS, 


Wednesday, April 1901.—8.30 regular business meet- 
ing will held, which ballots for membership will canvassed. 

the absence any formal paper printed advance, the meeting 
will devoted Informal Discussion the Subject ‘‘The 
Shrinkage Compressibility Earth Embankments.” Samuel 
Whinery, Am. Soc. E., will introduce the subject, and com- 
munication from Alexander Am. E., describing the 
shrinkage soil stripped from reservoir site and compacted 6-in. 
layers, will presented. hoped that members who have data 
this subject, will open their note books, and give the benefit their 
experience the profession, either relating the meeting, 
sending notes the Secretary for presentation. 


ANNUAL CONVENTION 1901. 


The Thirty-third Annual Convention the Society will held 
Niagara Falls, Y., Tuesday, Wednesday, Thursday and Friday, 
June 25th, 26th, 27th and 28th, 1901. 

The rule adopted the Board Direction, February 28th, 1899, 
provides that formal papers shall set down for presentation 
the Annual Convention, but lieu thereof discussion asked for 
all papers which have been published during the six 
months immediately preceding. 

also provides that special subjects engineering interest which 
may have been suggested and approved the Committee Publi- 
cations shall also presented for discussion. 

The success and professional value this method may seen 
reference the publications, and the following list subjects chosen 


for discussion the last two conventions given for the information 
members. 


List Subjects Presented for Discussion the Annual Conventions 
1899 and 1900. 


the use the method Wheel-Concentrations discon- 
tinued determining the Stresses Railroad Bridges? 

view present knowledge the Effect Repeated Applications 
Load, should Fatigue Formulas used Bridge Design? 

Should Stream Contamination the Sewage Cities abso- 
lutely prohibited law? 
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Should the Purification the Sewage Cities compulsory, 
and this feasible for Large Cities? 

Filtration the coming solution the Pure-Water Question for 

the Proper Friction Coefficient for use the design 
Riveted Steel Pipe? 

What are the economic conditions under which Electricity may 
profitably substituted for Steam the operation Branch Railroad 
Lines, and what are the engineering requirements considered 
such substitution? 

What the present development the so-called Telferage System 
for moving either Freight Passengers? What are the conditions 
under which that System preferable movement Rail, and 
what its adaptability still further application competition 
with Rail Lines? 

Height Buildings. 

(1) What considerations should limit the height buildings? 

(2) recent developments construction, sanitation, inter- 
communication and economy administration, warrant the 
removal all restrictions? 

Recent Practice Rails. 

The progressive increase weight; the increase hardness, partic- 
ularly carbon; the sections most general use; the effect 
changes weight, composition and section. 

Filtration Water for Public Use. 

The several processes now used for the removal objectionable 
matter; their comparative sanitary effect, cost and reliability.” 


The only way ascertaining what special subjects will 
interest topics for discussion the Convention 1901 
appealing the membership for suggestions. Such suggestions, 
forwarded the Secretary, will presented the Publication Com- 
mnittee. 


The foregoing notice was printed last month’s issue, but 
regretted that, the present time, suggestion any kind 
has been received. The notice reprinted now the hope that 
some subjects, least, may brought members the 
tion the Committee. 


COMMITTEE THE PROPER MANIPULATION TESTS 
CEMENT. 


The following members have been added the Committee the 
Proper Manipulation Tests Cements: Messrs. Newberry, 
Humphrey, Clifford Richardson and Lewis. 

Mr. York has resigned from that Committee. 
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CURRENT TECHNICAL LITERATURE. 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(February 14th March 13th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current engineering which can referred 
any available engineering can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Philadel- 

phia, Pa. 

(4) Western Soc. Eng. Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 50c. 

(9) Magazine, New York 


(10) Magazine, New York City, 


York City, 35c. 
The (London), International 
News New York City, 35c 
(13) Engineering News, New York City, 


(14) Record, New York 
(15) Railroad Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19 Scientific American Supplement, New 
York 

(20) Iron Aae, New York City, 10c. 

Engineer, London, Eng- 


(22) and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City. 


(26) Electrical Review, London, England. 


(27) Electricat World and En- 


gineer, New York City. 

Assoc., Boston, 75c. 

(29) Society Arts, London, 
Engiand. 

(30) Annales des Travaux Publics 
Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
seis, 


are references made 
periodicals. 


(32) Memoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery 10c. 

New York City, 50c. 

Paris, France. 

(44) Journal, Military 
tion, Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 
(47) Mechanical Engineer, Manchester, 
England. 


(48) des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Bauwesen, Berlin, Ger- 


(50) Stahl Eisen, Duesseldorf, Ger- 
(51) Bauzeitung, Berlin, Ger- 
(52) Industrie-Zeitung, Riga, 


(53) Zeitschrift des oesterreichischen In- 
enieur und Architekten Vereines, 
ienna, Austria. 

(54) Den Tekniske Forenings 

Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift, Stockholm, Swe- 


58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pa., 50c. 

(59) Transactions, Mining Institute 
Scotland, London and Newcasile- 

olis, 

(61) Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 


this month’s list German and Swedish 
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LIST ARTICLES. 

Bridge. 

Northern Pacific Standard Bridge Plans.* Ralph Modjeski. (4) Feb. 

Bascule Drawbridge Chicago, U.S. A.* (12) Feb. 15. 

The Concrete Bridge Goat Island.* (14) Keb. 16. 

The New Middletown Drawbridge.* H.G. Tyrrell. (27) Feb. 16. 

The New Bridge Across the Rhine Dusseldorf.* (19) Feb. 23. 

Interlocked Cast-Iron Arch Solid Floor for Bridges.* (13) Feb. 28. 

The Gokteik Burmah Railways Ltd., Burmah.* (13) Feb. 28. 

Great Swing Bridge.* (12) Mar. 

East River Bridge No. 3.* Mar. 

The Brooklyn Caisson for the Manhattan-Brooklyn Bridge.* (14) Mar. 

Brooklyn Tower Foundation, Third East River Bridge.* (13) 

Floating Drawbridge into Place.* (20) Mar. 

Some Odd Jobs Foundation Work. Rogers, Soc. (15) Mar. 

Moving the Hackensack River Drawbridge.* (14) Mar. 

Pont Alexandre III, Paris.* (35) Serial beginning Nov., 1909, ending Jan., 1901. 

Description Pont Roulant sur Intermédiaire Kattendijk, Anvers.* Fr. 
Winter. (30) Feb. 

Electrical. 

ing Faults Underground Electric Cables.* Fisher. (58) 

European Types High-Tension Alternators. Guilbert. (27) Serial beginning 
Jan. 19, ending Mar. 

Current Working. W.M.Mordey. (26) Serial beginning Jan. 25, 
ending Feb. 

The Ganz System Electric Traction.* (12) Serial beginning Jan. 25, ending Feb. 15. 

Few Notes the Construction Telephone Lines Norway.* (26) Feb. 

Machine Tools and for Electrical Manufacturers. W.H. Booth. (26) Feb. 

Fulham Electricity Works.* (26) Feb. 15. 

The Electric Tramway Accident Liverpool.* (26) Feb. 15. 

The Schuckert Surface Contact System.* (26) Serial beginning Feb. 15, ending Feb. 22. 

Electrolysis the District Columbia. Grahame Powell. (27) Feb. 16. 

Power and Light for the Machine and Foundry. Prof. Forrest Jones. (14) 
Serial beginning Feb. 16, ending Feb. 23. 

Dielectric Hysteresis. (26) Feb. 22. 

Plant the Hollertszug Iron Ore Mine, Herdorf the Sieg, Germany.* 

22) 

London County Council Slot (12) Feb. 22. 

London County Council Tramways.* (26) Feb. 22. 

Measurements Dielectric Hysteresis.* W.E. Ayrton. (26) Feb. 22. 

The London County Council and Electric Tramways.* (11) Feb. 22. 

Power British Works. (26) Serial beginning Feb. 
ending Mar. 

The Dynamo Recent Telephone Practice. Bliss. (26) Feb. 23. 

The Independent Telephone Exchange Rochester, Feb. 23. 

Cause and Effect Electrolytic Action upon Underground Piping Systems.* 
Knudson. (28) Mar. 

Electric Power for Engineering Workshops: Individual and Group Driving vs. Long 
Line Shafting.* (10) Mar. 

Electrical Current.* (28) Mar. 

Rotary Transformers: History, Theory and Characteristics.* George Colles. 


(3) Mar. 

New Slotted Conduit.* (26) Mar. 

Electric Automobiles Chislehurst. (26) Mar. 

Some New German Electrical Pyrometers.* (22) Mar. 

The Electric Lighting the Victoria Embankment.* (26) Mar. 

British Transformer Practice.* (27) Mar. 

Development Motor Fans. Alton Adams. (27) Mar. 

Electrical Transmission from Coal Mines.* Fred Wilson Hart. (27) Mar. 

Sectional Third Rail System the Baltimore Belt Line.* (27) Mar. 

Some Standard Types Ferranti Alternators and Engines.* (17) Mar. 

The Evolution the Trier. (27) ar. 

The Safety Third-Rail System the Tunnel.* (17) Mar. 

The Control Electric Motors. Packard. (20) Mar. 

Calculating Battery for Given Output.* Dr. Norden. (27) Mar. 

East Cleveland, Branch Telephone Exchange.* Mar. 

The Electrical Plant the Sneyd Collieries, England.* (16) Mar. 

The Slaby System Wave-Selective Wireless Duplex Telegraphy.* (46) Mar. 

Test Gas Engine Electric Lighting Plant.* H.N.Cheney. (24) Mar, 11. 

1900.* Paul Sarrey. (34) Feb. 

Les Dynamos Schuckert Palais (36) Feb. 10. 

Traction Electrique sur les Grandes Lignes Chemins Fer les Essais sur 
Wannseebahn.* (36) Feb. 25. 


Tilustrated. 
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Affairs.] CURRENT TECHNICAL LITERATURE. 


Marine. 


the Paris Exhibition.* (11) Serial beginning Jan. 18, end- 

ing Feb. 

Submarine Boats. (12) Serial beginning Jan. 25, ending Feb. 15. 

and Marine Engineering during 1900. (12) Serial beginning Jan. 25, ending 
ar. 


The American Submarine Boats.* Waldon Fawcett. (62) Feb. 14. 

The New United States Cruisers.* (11) Feb. 15. 

Steering Torpedoes Wireless Telegraphy.* (46) Feb. 16. 

Launch Battleship Jarrow. (12) Feb. 22. 

The New British Battleship Russell. (11) Feb. 22. 

Importance Economizing Tonnage Facilities Compact Stowage Cargoes. 
Henry Jones. (13) Feb. 28. 

Equipment and Methods the Indian Dock Yards.* A.C. Bowden. (9) Mar. 

Good Hope and Bacchante.* (12) 

The Holland Submarine Boat. (12) Mar. 

Recent Designs Battleships and Cruisers for the United States Navy.* Rear-Ad- 
miral Philip Hichborn. (13) Mar. 

Propulseur Centrifuge Hydraulique pour Bateaux.* (33) Feb. 

Deutschland.* §.Gradier. (33) Serial beginning Feb. 16, 
ending Feb. 23. 


Mechanical. 


Notes Traveling Cranes.* Gerald Flanagan. (58) Oct., 1900. 

Manufacture Water-Gas the Forty-fourth Street Station, New York.* (46) Serial 
beginning Jan. 19. ending Feb. 16. 

Power Gas and Large Gas Engines. (26) Serial beginning Jan. 25, ending Feb. 15. 

Some Experiences Motor Bicycles. Joseph Pennell. (29) Feb. 

The Manufacture and Use Wire Ropes.* (22) Feb. 

Wheel Lathe Boring Mill.* Feb. 

Hardness the Workability Metals.* (47) Feb. 

Tests Experimental Locomotive Boiler. (47) eb. 

Coke Ovens Gas Works. Dr. Weichell (62) Feb. 14. 

Engine Builders’ Engine Type Units for Power Purposes. Ebert. 
(20) Feb. 14. 

Some Notes Central Station Heating. (20) Feb. 14. 


Fraser-Talbot Gas Producer.* (20) Feb. 14. 


American Shearing and Punching Machinery.* (22) Feb. 15. 
The Belleville Boiler. (26) Feb. 


Portland Cement Mill the Gas Fields Kansas.* Grimsley. (16) Feb. 


Parsons Steam Turbine.* (47) Feb. 16. 

The Panhard-Levassor Automobile.* (19) Feb. 16. 

The Use Gases Gas Engines.* (19) Feb. 16. 

Vanderbilt Locomotive Boiler.* (46) Feb. 16. 

General Gas Works Machinery for the Philippines.* (24) Feb. 18. 

Rod Mills and What Has Been Accomplished. William Garrett. (62) Feb. 


The Hooper Pneumatic Concentrator and Drier.* (20) Feb. 21. 

New Underfeed Stoker.* (12) Feb. 22. 

Babcock and Wilcox Boilers the SS. Martello.* (11) Feb. 22. 

Kennedy’s Semi-Dry Brick Press.* (11) Feb. 22. 

Mica Insulation for Steam Boilers and Pipes.* (11) Feb. 22. 

Petroleum Fuel for Ships: The Theory Exploded. (22) Feb. 22. 

The Kaselowsky-Prott Hydraulic Pump.* Fr. Frolich. (22) Feb. 22. 

Corliss-Valve Engines and Gears.* Geo, Windeler. (47) Feb. 23. 

Light Lathes and Screw Machines.* John Ashford. (47) Feb. 23. 

Improved Machine for Charging Retorts.* (24) Feb. 25. 

Economical Steam Power Plant and What Teaches. Geo. Barrus. (10) Mar. 

Steam Engines Seen the Paris Exhibition.* (10) 
ar. 


Fuel Combustion and Steam Generation. William Wallace Christie. (9) 


Heating from Central Stations—A Comparison with Private Heating Plants. Alton 
Adams. (60) Mar. 

Late Practice Utilising Blast Furnace Gas Gas Engine Fuel.* William Booth, 
Am. Soe. (10) Mar. 

Soldering Aluminium. Joseph Allison Steinmetz. Mar. 

The New Plant the Franklin Air Compressor Co.* (15) Mar. 

Rock Drill.* (22) Mar. 

The Kress Aeroplane.* (46) Mar. 

The Stirling Water-Tube Boiler.* (47) Mar. 

Gas Lighting the Paris Exposition. Allen. (24) Mar. 

Remarks Gas Purification.* Fowler. (24) Mar. 

Flywheel Explosions. Charles Manning. (13) Mar. 

Some Interesting Troubles with Gas Engines. Albert Stritmatter. (62) Mar. 
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Improved Gasoline Automobile.* Mar. 
Some Sketches Gas Governors.* J.J. Humphreys, Jr. (24) 
Les 1900.* (33) Serial beginning Jan. 19, 
ending Feb. 
Engrénement des Vis Roues Héligoidales avec Profils Suivant une Developpante 
_Cercle Cycloide Son Influence sur Durée des Engrenages.* (37) Jan. 31. 
des Gaz Hauts Fourneaux Fours Deschamps. (37) Jan. 


Essais Moteurs Gaz Gazogénes Station Centrale Gaz Pauvre des Tram- 
ways Cassel, prés Dunkerque (Nord).* (33) Feb. 


Appareil Ripper pour Apprécier Chaque Instant Travail Moteur Vapeur.* 
(36) Feb. 25. 


Metallurgical. 


Modern American Blast Furnace.* Johnston. (1) Jan. 

The British Columbia Copper Company’s Smelting Works Greenwood, Paul 
Johnson. (16) Feb. 16. 

Notes Tuyeres.* John Hartman. (20) Feb. 21. 


American Steel and Wire Company’s New Blast Furnace Neville Island.* Christian 
Larsen. (62) Feb. 28. 


Centrifugal Casting.* (20) Feb. 28. 
Chlorination Mills Creek, Methods Used Handling the Ore 
and the Application the Process.* Prof. Arthur Lakes. (45) Mar. 


Military. 


Brief Sketch the Essential Requisites Distinguished from Explo- 
sives. Dr. Williams. (3) Mar 

Nordenfelt’s Quick-Firing Field Artillery.* (11) Mar. 

The Manufacture American Waldon Fawcett. (62) Mar. 

Inconvénients Béton Ciment Armé dans Construction des Ouvrages Fortifi- 
cation, Adrien Hallier. (33) Feb. 


Mining. 


Winding from Great Depths.* (12) Serial beginning Mar. 16, 1900, ending Feb. 22, 1901. 
Hydraulic Excavation. Latham Anderson. (1) Jan. 
The South Hetton Coal Company’s Collieries and Their Equipment.* (22) Serial begin- 
ning Feb. ending Feb. 15. 
13) Feb. 14. 
Coal Mine Foremen and Labor-Saving Devices. (16) Serial begin- 
ning Feb. 16, ending Feb. 23. 
Mining Practice Rossland, British Columbia.* Brinsmade. (45) Mar. 
The Windber Mine: the System Underground Haulage and Mining 
Methods Installedand Used. (45) Mar. 
Wire Ropes. J.T. Beard. (45) Mar. 
Hoisting from Deep Shafts.* Leon Poussigue. (16) Mar. 
L’Exploitation dés Mines 1900.* H.Schmerber. (33) Serial beginning 
Feb. ending Feb. 23. 
Miscellaneous, 


Opportunities Central and Southwestern Asia.* Alexander Hume Ford 
Mar. 
Influence the the French Iron and Steel Industry. Henri Guérin. (9): 


Mar. 
The Outlook the World’s Timber Supply. Dr. Mar. 
Municipal. 


Street Lighting Cities.* Henry Humphrey. Jan. 

The Renovation Havana.* (14) Serial beginning Jan. 19, ending Feb. 16. 

The New Road from Enzeli Teheran.* (12) Serial beginning Feb. ending Feb. 15. 

Municipal Electric Lighting Chicago. Edward Ellicott. (14) Feb. 23. 

Comparison Cost Asphalt Pavements. (60) Mar. 

Landscape Problems the Spot Pond Reservoir, Metropolitan 
Works.* Frederick Law Olmsted, Jr. (28) Mar. 

Repairing Asphalt Pavements Chattanooga Robt. Hooke, (60) Mar. 

The Block Asphalt Pavements Pontiac, Mich. William Fisher. (60) Mar. 

Municipal Improvements Chattanooga, Tenn.* (13) Mar. 


Railroad. 
Hot Driving Boxes Locomotives. Wells. (61) Jan. 


Hydrostatic Tools Railway Service.* George Gillon. (61) Jan. 


Traffic France. (47) Serial beginning Jan, 12, ending 
an. 19. 


Large Roundhouse Clinton, Ia.; Chicago and Northwestern Ry.* (13) Feb. 14. 
Tilustrated. 
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Railroad—(Continued). 


Typical Suburban Service: How the Chicago and Northwestern Carries the Rural 
esidents and from Chicago. (40) Feb. 15. 

Railway Couplings.* (11) Feb. 15. 

Readville Car Shops—New York, New Haven and Hartford.* Feb. 

The Hudson River Railroad.* Herbert Walker. (15) Feb. 15. 

Construction the East Boston Subway and Tunnel.* (18) Feb. 16. 

New Hopper Coal Cars the Northern Pacifie Ry.* (18) Feb. 16. 

The Central Semi-Centennial.* (18) Feb. 16. 

Finishing Temperatures for Rails.* Robert Hunt. (20) Feb. 21. 

Stadia Surveys for Railway Location. Boardman. (13) Feb 21. 

Novel Electric Railway.* (26) Feb. 22. 

Features Railway Travelling, Past and Present. Frederick McDermott. (29) 


eb. 
The Growth the Illinois Central. (40) Feb. 22. 
The Price Patent Friction Brake.* (26) Feb. 22. 
Capacity Box Cars for the Northern Pacific Ry.* (18) Feb. 23. 
Some Engineering Features the Grand Central Station, New York.* (14) Feb. 23. 
Features Railway Tunnel and Subway Construction. (18) Feb. 
Model Oil House, Chicago and Northwestern Railway,* (39) Mar. 
American Locomotives British Railways.* Charles Rous-Marten. 
Mar. 
Compound Consolidation Freight Locomotives, with Wide Firebox, New York Central 
and Hudson River Railroad.* (25) Mar. 
Express Passenger Engines: Madras Railway.* (21) Mar. 
New Car Shops, New York, New Haven and Hartford Railroad, Readville, Mass.: 
Details the Buildings.* Mar. 
Safety Appliances the United States. (39) Mar. 
000 Pounds Capacity Flat Car, Northern Pacific Railroad.* (39) 
The New Class Passenger Locomotive the Lake Shore and Michigan Southern 
Railway.* (25) Mar. 
The Use Liquid Fuel Locomotives.* James Holden. (39) Mar. 
French Rolling Stock the Paris Exhibition. (11) Mar. 
Further Economies Coal and Ore John Goodwin. (15) Mar. 
for Waybills Freight Traffic. (40) Mar. 
The Cascade Tunnel the Great Northern Railway, U.S. A.* (12) Mar. 
Foreign Locomotives the Exposition 1900.* (19) Mar. 
First Electric Tramway.* Frederick Talbot. (17) Mar. 
New Power Station and Elevated Railway System Boston.* (17) Mar. 
Notes the City and Suburban Railway, Portland, Ore.* (17) Mar. 
Snow Fence. (18) Mar. 
Some Recent Electric Railway Construction for San Francisco.* Foster. (17) Mar. 
Street Car Hoods Canopies.* W.E. Partridge. Mar. 
The Street Railway System Lisbon.* Wardlaw. (17) Mar. 
Two Interesting Schenectady Locomotives.* (18) Mar. 2.. 
Difficult Earthwork Construction the Copper Range R.* (13) Mar. 
The Quality Steel for Rails. (13) Mar. 
Certain Considerations Designing Yards. Derr. (15) Mar. 
Freight Yards the Chicago Transfer Clearing Co.* Mar. 
Handling Locomotive Coal the New York Central.* (15) Mar. 
How Study the History Rail.* Stephen Baldwin. Mar. 
Pneumatic Interlocking Wayne Junction.* 
Sleepers England and Continental Countries.* Dudley. (15) 
ar. 
The Engineering Department the New York Central.* (15) Mar. 
The Oiled Roadbed the Long Island Railroad. Addison. (15) Mar. 
The Personnel, Material and Methods Railroad. Mar. 
Tunnels the West Virginia Short Line Railroad.* Davies. Mar. 
Uniform Track Structure.* Thomson. (15) Mar. 
15) Mar. 
Traction for Heavy Railroad Service. (17) Mar. 
The Progress the Siberian Railway.* (19) Mar. 
Universelle 1900: Notice sur Matériel les Objects Exposés par 
des Chemins Fer Midi.* (38) Jan. 
Les Locomotives Hongroises 1900. Raymond Godfernaux. (38) Jan. 
Daniel Bellet. (36) Serial beginning Jan. 
ending Feb. 10. 
Appareils pour Manceuvre des Signaux des Aiguilles: Systéme Siemens 
Halske.* René Philippe. (34) Feb. 
Les Locomotives 1900: Locomotives Compound Express 2/4 Essieux 
33) Feb. 
Chemin Fer Plans Inclinés Mobiles.* Albert Reyner. (36) Feb. 25. 
Locomotive Grande Vitesse des Chemins Fer Prussien, avec Surchauffeur 
Vapeur (Systéme Schmidt).* (36) Feb. 25. 
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Feed-Water Heater.* (47) Feb. 

Cleaning Large Brick Sewer Frederick Ford. (14) Feb. 16. 

The Septic Tank Experiments Pawtucket.* (14) Feb. 16. 

and Heating the American Exchange National Bank, New York.* (14) 
eb. 16. 

Garbage Fuel for Steam Production. (60) Mar. 

The Bacterial Self-Purification Streams. (19) Mar. 

Ventilating and Heating the Boston Music Hall.* (14) Mar. 

The Shelby, Ohio, Sewerage System.* Weddell. (14) Mar. 

Ventilation and Heating Paterson, J., Schoolhouse.* (14) Mar. 


Structural. 


The New Plant the Curtis Publishing Co.* Charles Henry Davis and John Griggs, 
Jr. (14) Serial beginning Feb. 23, ending Mar. 

Concrete Mixing and Depositing Machine.* (13) Feb. 28. 

Recent Developments the Fireproofing Wood.* Joseph Ferrell. 
Mar. 

American Slag Cements. William Kendrick Hatt. (14) Mar. 

Boyer Machine Company’s Detroit.* (40) Mar. 

The Cramp Machine Shop and Power House.* (14) Mar. 

Les Emplois Lave Volvic dans M.Seurat. (33) Feb. 


Topographieal. 


American Mine Surveying Instruments.* (22) Feb. 
Controlling Topographical Survey. Wm.C. Bunnel. (13) Feb. 14. 
Geodesy. Wilfrid Airy, (11) Feb. 15. 


Water Supply. 


‘Water Power Direct Air Compression. William Webber. (1) Jan. 

Notes Designing and Constructing Slow Sand Filters. James Fuertes, Am. 
Soc. (14) Serial beginning Jan. 26, ending Feb. 

The Evolution the Oxygen Absorption Test Water and Sewage Analysis. Prof. 
Weems. (14) Serial beginning Jan. 26, ending Feb. 

The Bridgeport Wheel Pumps.* Ossian Gnthrie Feb. 

Tunnel and Crib Construction Chicago.* Brown. (4) Feb. 

The Arad Water-Works and Fischer Plate Filters.* (11) Feb. 15. 

Ingenious Water-Wheels.* Waldon Fawcett. (46) Feb. 16. 

The New the Niagara Falls Power Company.* (14) Feb. 16. 

Removal [ron from the Water Supply Superior, Wis.* Chase, Assoc. Am. 
Soc. (13) Feb. 21. 

The Water-Power Plant Massena, Y.; St. Lawrence Power Co.* Feb. 21. 

Gage for use with the Venturi Meter.* Charles (13) 

eb. 28. 

Removal Some Water Mains Chelsea, Mass.* Caleb Mills Saville, Assoc. 

Report Trial 000 Gallon Pumping Engine the Chestnut Hill 
(28) Mar. 

Stand Pipes and Elevated Reservoirs.* Pierson. (60) Mar. 

Subterranean Waters. Charles Morris. (3) Mar. 

The Purification the Washington Water Supply. Rudolph Hering, George 
Fuller and Allen Hazen. (14) Mar. 

sur Solubilité Sulfate Chaux.* Boyer-Guillon. (37) Jan. 31. 

33) Feb. 


Waterways. 


Design for Controlling Works the Chicago End the Drainage Canal.* Ossian 
uthrie. (4) Feb. 
The Improvement the Chicago River. (4) Feb. 
Dredges for the East Channel Improvement, New York Harbor.* 
13) Feb. 14. 
Shall Canal Built from the Lakes the Sea? William Raymond. (15) Feb. 15. 
Beard’s Contour System Groynes.* (11) Feb. 22. 
Conneaut Harbor Ore Docks.* (15) Feb. 22. 
Powerful Nine-Ton Dipper Dredge.* (46) Feb. 23. 
Large Single-Rope Dipper Dredge.* (13) Feb. 
Metal Casing for Light-House Tower Grande Pointe Sable.* Mar. 
Drilling and Blasting Submerged Rock. (14) 
Appareil Automatique Préservation Contre les Inondations 
Marée.* Willems. (30) Feb. 
Les Nouvelles Installations Maritimes Port d’Ostende.* (30) Feb. 
Port Naples.* (36) Feb. 25. 
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Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


SURVEYING AND LEVELLING, INSTRUMENTS 


Theoretically and Practically Described for Construction, Qualities, 
Selection, Preservation, Adjustments and Uses; with other Apparatus 
and Appliances used Civil Engineers and Surveyors the Field. 
William Ford Stanley. Third Edition. London, Spon, 
125 Strand; New York, Cortlandt St., 1901. Cloth, ins., 562 
pp., illus. $3. (Donated the Author.) 


this edition the author has endeavored, far practicable, take 
the many suggestions offered professional men since the first publication the 
work. The Contents are: Introduction; The Telescope Part Surveying Instru- 
ment; The Magnetic Compass Part Surveying Instrument Separately; 
Levels; Levelling Staves; Division the Circle ethods Employed Taking 
Angles; Theodolites; Specialties Modern Forms Transit; Plain eodolites 
Which the Transit Principle not Employed; Large Theodolites Used only for Geodetic 
Surveys; Mining Survey Instruments; Instruments Measure Subtense Tangential 
Angles Ascertain Distances; Instruments Constructed Especially for Facility 
Taking Inclinations; Instruments Reflection; Graphic Surveying Instruments and 
Appliances Connected Therewith; Instruments for Measuring Land and Civil Works 
Directly; Stations Observation; Measurement Altitudes Differences Atmos- 
pheric ssure; Miscellaneous Surveyors’ and Engineers’ Instruments, Appliances and 
Accessories. There index five pages. 


SCHERZER ROLLING LIFT BRIDGES. 


Illustrated Description Rolling Lift Bridges Erected the 
Scherzer Rolling Lift Bridge Company. Scherzer. Cloth, 


pp., plates. Chicago, 1901. $10. (Donated Albert 
Scherzer. 


This description rolling lift bridges and explanation the relative 
tages bascule bridges compared with swing spans. There also discussion 
the advantages bridges the rolling lift type over those with pivots. 
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Berlin Hochschule. 
bound vol. 

Boston Maine Co. pam. 

Briinn Technischen Hochschule. 
bound vol. 

Cornell Univ. 

Croes, bound vol., 107 pam. 

Eng. Assoc. the South. vol. 

Engrs. Soc. Western Penna. pam. 

Ewald, Frank bound vol. 

France-Ministére des Travaux Publics. 


vol. 

Gemmell, 

Hodgdon, Frank bound vol. 

Hunt, bound vol. 

Inst. Engrs. the River Plate. 


THE LIBRARY. 
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THE LIBRARY. 
1901. 


Japan-Imperial Earthquake Investigation 
Com. 

Lawton, Wm. maps. 

Trevor McC. bound vol. 

Lewis, bound vol., vol. 

Liverpool Eng. Soc. vol. 

Martin, Wisner bound vol., pam. 

Merchants’ Assoc. New York. pam. 

Mich. Univ. pam. 

Moore, bound vol. 

bound vol. 

bound 

Platt, 

Roadmasters’ Assoc. Amer. pam. 

St. Louis Merchants’ vol. 

Scherzer, Albert bound 

Schrenk, 

Stanley, Ford. vol. 

Bureau Education. bound vol. 

Corps Engrs. bound vol. 

Geological Surv. maps. 

Wanier, und vol., vol. 

Unknown Donor, pam. 
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INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE THEORY AND PRACTICE PRECISE 
SPIRIT LEVELING. 


AMERICAN SOCIETY CIVIL 


greatly indebted for the opinions expressed those who 
have participated the discussion his paper Precise Spirit 

Leveling. significant, however, that the men wide and varied 

field experience have not taken the initiative, but have left the dis- 

cussion principally those who have never done any extensive precise 

leveling themselves, and whose connection with the subject gen- 

erally limited the study work done others. difficult 
understand this, unless would indicate that the criticisms offered 
are theoretical and prejudicial rather than practical lines. 

many instances, errors, which are scarcely avoided 
paper such length, have been pointed out, and for this the writer 
feels very grateful. Also, many unnecessary comments have been 
made, result superficial reading the paper, feature common 
most discussions. 

stated the the paper, was the writer’s 
object give comprehensive treatise the subject chosen. 
this necessitated mentioning all possible sources error, and deduc- 
ing method practical field work, which would give the most 
accurate results attainable. This, the writer considers has done, 
but, infer therefrom that would advocate following his method 
for all purposes and under all circumstances entirely unreason- 
able. 


Continued from January, 1901, Proceedings. See September, 1900, Proceedings for 
paper this subject David Molitor, Am. Soc. 
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likewise unjust offer the criticism that the paper too Mr. 
theoretical and voluminous, considering the simplicity the subject. 
The subject simple only those who have not fathomed its depths. 
The fact that very good work may done with single sights (with- 
out bubble reversals and telescope inversions) known the writer 
well those who criticise him for not having chosen this simpler 
programme leveling. Where the highest attainable accuracy 
required, however, the same reasons which compelled him abandon 
the older methods, and which are fully set forth the paper, may 
some time cause similar change the methods still used others. 
The writer’s conception the term Precise Spirit is, 
not run the greatest number miles levels for the least money, 

but the most accurate work possible reasonable cost. 

Everyone liberty simplify the general method advocated 
for the achievement the most accurate work any extent suitable 
given purpose, but this intelligently complete knowl- 
edge the subject essential, otherwise the short cuts may prove 
very disastrous, even for work ordinary quality. 

The scope the paper very broad, and intended point out 
the manner increasing the accuracy all level work, whatever 
class, applying common levels such features the precise 
methods may accepted without material increase cost. These 
are: Equalization sights; use umbrella; use self-reading 
instead target rods; have the instrument level tube (with 
mirror) which may used striding fixed level will; and 
supplant the rigid wyes with swinging wyes, thus doing away with 
the wye adjustment the common level. further addition value 
the instrument would watch-glass level for approximate setting 
up. All this may had small additional first cost, and may 
used without any material increase expense, while the advantages 
gained would surprise the most skeptical leveler. 

For ordinary work, would not necessary read more than 
the middle thread, use more than one instrument position. 

Sights 300 would possible for magnifying power 

diameters, and seconds per mm. level tube. 

The writer has done some work this class rate mile 


minutes, with error millimeters not more than 


However, the roads and atmospheric conditions permitting such 
work were far better than the average, and these figures are cited 
merely distinguish between common and precise levels, even though 
lines run this manner frequently close with ridiculously small 
errors. 
the writer’s line levels along the St. Lawrence River, the 
average length shot was m., and single shots varied from 
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80m. The practical limit was determined the profile the line, 
and increased rapidity would have been attainable even long 
shots had been permissible. 

has been demonstrated quite conclusively that long lines 
common levels can run with comparatively small discrepancies, 
compared with precise level work, though this due compen- 
sation errors which, for short stretches, might surprisingly 
large. For precise level work, any portion line must 


the entire line, and accomplish this quite different 


problem from obtaining accidental small closure the end 
long line common levels. 

the other hand, lines so-called precise levels have shown 
cumulative errors which, for long line, would give poorer closures 
than lines good common levels. Hence, the methods certainly are 
responsible for much this, and when certain accuracy, excelling 
that attainable perfection methods and instruments, required, 
must obtained repetition observations. The writer 
has introduced this latter refinement the extent which consid- 
ered practical. 

Several the discussors have taken exception the writer’s 
method observing, and Mr, Ockerson says for ‘‘the trained 
observers this work” that they would hesitate accepting it. 
might have been well have allowed the 
express their own views, and facts from this source would have been 
far more valuable than opinions. The principal objection stated 
the increased lapse time between back and fore sight readings, 
which claimed twice long for the method without 
reversals, etc. 

careful reading the paper (bottom page 863*), the substance 
which repeated other places, would have avoided the neces- 
sity for the present comments. The above-mentioned paragraph 
shows clearly that the time interval between each pair back and 
fore sight readings (during which reversals, etc., are made) ex- 


actly the commonly adopted method. The instrument positions 


are changed after taking the first pair sights and before taking the 
second pair, which latter sights are read reverse order. This vir- 
tually constitutes direct and reverse line between successive turn- 
ing points, without increasing the time interval between successive 
back and fore sights, while the four readings furnish the data for 
single line only. 

When, therefore, the atmospheric conditions refractive changes 
become severe that duplicate pairs sights are prohibitive, then 
the same will true single pair sights, though this fact 
not observable for single sights until stretch closed. dupli- 


Proceedings, September, 1900. 
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cate pairs sights such deleterious influences are immediately de- Mr. Molitor. 


tected mere inspection the notes. this way frequently 
happens that work which has been good certain point can 
saved suspending operations soon the conditions are seen 
become unfit. This can always done when the steel turning point 
pins are used. 

further advantage duplicate sights the almost infallible 
check the correctness the readings which the recorder exercises 
mere inspection feature which Mr. Marshall calls distinctly 
bad), and the additional accuracy reading and pointing derived 
from two observations. 

Mr. Hayford further states that the writer’s method requires re- 
versing the striding level twice and inverting (wrongly reversing) the 
telescope twice each station. Apparently, this not the case, and 
precludes the necessity for the further argument that ‘‘the more 
instrument handled, the less accurate are the results obtained.” 
While the truth this argument freely granted, the question here 
essentially one repetition observations, and not handling 
the instrument. 

deny the foregoing statements fact would equivalent 
asserting that the mean two more observations not good 
single one. The repetition observations triangulation and 
astronomical work scarcely more justifiable than the case pre- 
cise leveling. 

The practical value the writer’s method may further illus- 
trated the following: The level line St. Regis-Oak Point, Table No. 
21, with probable error mm. per kilometer, which 
slightly different programme reading was used, necessitated re-run- 
ning the work, order fulfil the specification while, 
with the same limit and using the methed advocated the paper, the 
line Oak Point-Tibbetts Point gave probable error only 0.48 
mm. per kilometer, and not single stretch failed close the first 
pair. such record this has ever been cited support the 
value method, and might well for the ‘‘trained 
and others less training, give this method impartial trial 
before casting aside with few prejudicial remarks. 

Regarding the question rapidity and cost, will seen, pres- 
ently, that the writer’s method duplicate readings does not retard 
the work nearly much might supposed. 

For average length sight m., working hours per day 
and counting days per month for actual work, the average rate 
progress was 100 km., miles, single line per month, which, for 
the wages paid, would aggregate $10 per kilometer, $16 per mile, 
double line, per Table No. 24, for the Lake St. Clair levels, where 
the cost includes all expenses every description. The same work 
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Showed probable error 0.33 mm. per kilometer, and the allow- 


able limit Had the weather conditions been more favorable, 


thus permitting longer sights (as the ground was quite level), this 
work could easily have been accelerated from per cent. But, 
taking the figures they stand, they compare very favorably with any 
those cited the discussion for levels where the single sights were 
used and work was carried throughout the day. 

should noted that confining the work the early and late 
hours the day does not necessarily mean reduction working 
hours and consequent increase cost, Mr. Hayford supposes. 

This matter can justly dealt with only when all the influencing 
factors are accurately known, especially the wages paid, allowable limit 
closure, kind territory covered, working hours, etc. The figures 
given Tables Nos. and are actual, while those given Mr. 
Hayford, average rapidity, some extent, estimated; and the 
extraordinary cases, while interesting, are not representative. 

The levels the Geological Survey are hardly comparable with 
those the Coast and Geodetic Survey those the Engineer 
Corps, A., for very evident reasons. cannot expected that 
the most accurate work can done cheaply that done under 
much less rigid specifications. 

The figures cited Mr. Hayford for cost recent Coast and Geo- 
detic Survey work show greater economy than those produced 
the writer. The difference cost readily explained the longer 
sights permitted under the Coast and Geodetic Survey, fact decidedly 
against the production high-class work. The cost bench-marks 
may also vary from almost nothing perhaps $10 each. the 
writer’s Lake St. Clair levels, the cost bench-marks was not sepa- 
rated, and Mr. Hayford incorrectly assumed the same for the 
St. Lawrence River line. 

The comparative figures for cost per mile double line then stand 
Table No. 33. 

TABLE No. 33. 


Coast and Geodetic Mississippi and Missouri River 
Survey. The Writer’s Levels. 
Wyoming, 1899 ..... 1882............ Lawrence 
$22.00 


Nebraska and Kan- 

000 miles, Missouri River, 20.00 

Work prior 1899 Orleans-Biloxi, 1900 5.50 


much more expensive,|St. Paul-Aitkin, 12.65 
being nearly double 1900. 15.25 
above Cass Lake-Grand Rapids.. 


Wages about given page 896, 20% higher than for Lake St. Clair levels. 


| | 
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The theoretical relation between rapidity and accuracy for two lines Mr. Molitor. 
levels, supposing both economical basis, that the accu- 
racies shall proportional the square roots the rapidities. The 
best Coast and Geodetic Survey work was done the rate miles 
per month, and the Lake St. Clair levels the rate miles per 
The actual relation 8:4, decidedly favor the Lake St. Clair 
levels. 
Table No. may add some comparative data rapidity not yet 
exhibited. For other data relative these lines, see Table No. 21. 


Time running single line single party. 


Length line, 241.6 272 272 785.6 117.6 
Average run per day field, 
Average run per day worked, 
kilometers........ 4.64% 4.00 4.06 4.11 4.46 
Probable error, millime- 
| oO. O. W. O.W.F. D. M. D. M. 


hand car was used this work, thus facilitating progress. 


The figures Tables Nos. and show that duplicate readings 
not materially affect the cost progress the work, but that the 
differences which may exist must explained the many other 
factors mentioned. The writer feels safe asserting that can 
duplicate the speed any the examples cited the discussion when 
working under the same conditions and specifications. 

The reasons given by. Mr. Wilson,* which required the 
state the facts nearly they could derived from 
published were sufficient cause the writer dispense 
with further data the above subject. most cases doubtful 


Transactions, Am. Soc. E., Vol. xxxix, 376, 
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whether the cost implies single double lines, whether the salaries 
observers are included. Mr. Wilson’s paper was not overlooked. 

The writer will now attempt answer briefly possible the 
questions brought out the discussion and which have not already 
been covered general way the foregoing. 

remarks Mr. Horace Marshall, the writer would reply 
that precise leveling not new this country intimates, 
fact, when was taken the United States Lake Survey, 1875, 
not very much had been done European countries. The best work 
has since been done this country, and the method still generally 
used Europe that bubble readings, recently discarded the 
Coast and Geodetic Survey. 

Mr. Marshall has overlooked the fact that the errors which the 
writer attempts most eliminate double pairs sights are those 
due refraction, temperature and pointing, and these can only 
eliminated repetition observations. discussing Mr. Wilson’s 
paper, Mr. favors re-reading the back sight after each fore 
sight and taking the mean give reading simultaneous with the 
latter. But what guarantee has that the fore sight does not change, 
and would this not give the back sights double weight? 

This point and number others depend merely definition 
terms. What satisfies Mr.-Marshall’s specifications not neces- 
sarily called precise leveling the writer. 

common with others, Mr. Marshall imagines many difficulties 
arising from the use 2-mm. rod graduations. They can certainly 
harm, even for his class work, because the centimeter graduations 
are present practically the same form the Kern rods. The 
2-mm. graduations materially increase the accuracy work with less 
strain the observer, which can best ascertained practice, 
but never inference. 

readings are supposed taken the 2-cm. triangular 
figures, Mr. Hayford supposes, these serve merely facilitate 
counting, and replace the numerals commonly used. 

There nothing curious about finding the work the Vicksburg 
Engineer Office omitted from Table No. 21, when the data are not 
obtainable proper detail. 

The data furnished Table No. show what person can for 
himself when wishes attribute foolishness” others. Although 
the writer does not consider the application least squares leveling 
free from criticism (page 889), not very sensible compare 
errors closure loops, expressed millimeters per kilometer, with 
the probable error pair lines, Mr. Marshall has done (page 
Had computed the probable error his lines would 
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Proceedings, November, 1900. 


« 


DISCUSSLON PRECISE SPIRIT LEVELING. 133 


not have made such elaborate display, which evidenced the Mr. Molitor. 
result, 1.1 mm. per kilometer found Mr. Kastl for the 
stretch Grand Bend—Smithland the Red River levels. 

reply Mr. Wilson may said that the paper will probably 
not the careful reader the conclusions which draw 
from the voluminous theoretical discussion. the contrary, had 
this been omitted, the paper would have been decidedly wanting 
substantial proofs the methods advocated. 

Regarding the comparative value self-reading and target rods, 
Mr. Wilson stands alone his favoritism the latter. all prob- 
ability, the thread interval, the instrument used, was altogether too 
large admit proper results self-reading rods. 

The criticism offered against the steel turning point pin un- 
founded, and trouble was ever experienced keeping the sockets 
clean, even when working over roads which were impassable 
cles account mud. 

recommendation was made regarding the concealment bench- 
marks, and both exposed and concealed marks were used the 
writer. 

The fear expressed Mr. Wilson ‘‘that the imposing array 
mathematical formulas,” will deter civil 
attempting work this class not exactly flattering the ability 
engineers read understandingly; for, besides demonstrating the 
complexity the subject, the writer has very clearly shown and illus- 
trated its simplicity practice. 

The information given Mr. Fischer respecting the material 
used the new Coast and Geodetic Survey leveling instruments 
highly interesting and valuable, and these lines the Buff and Berger 
Precise Level No. 768 might considerably improved. However, 
the criticisms relating the design this level are not all correct. 

The agate points referred did not wear the collars any meas- 
urable amount during whole season’s work, but, for fear such 
effect, the writer had them replaced soft brass points. The 
change could not regarded any improvement, far was notice- 
able. 

Mr. Fischer’s interpretation the writer’s motive having the 
wye contacts different planes from the respective level tube contacts 
the steel collars altogether wrong. This recommendation was 
made prevent any deleterious effect the level tube 
result worn collars, or, other words, the relation between the 
axis collimation (as defined the centers the collars) and the 
level tube would remain unchanged, matter how much the collars 
were worn the wye contacts. 

With little field experience Mr. Fischer would see the advantage 
this, and would understand why the striding level can relied 
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for indicating the direction the line sight much greater 
extent than can reasonably expected for fixed level tube. The 
cork blotting paper for mounting the level vial not objectionable 
though, principle, the elastic metallic supports appear 
better. 

Mr. John Hayford has contributed very lengthy discussion, 
and, while has given the subject great deal consideration and. 
study, views things almost entirely from theoretical standpoint. 
not surprising, therefore, that should dissent from many 
the arrived the writer through practice most 
painstaking nature. 

Mr. Hayford deserves credit for having pointed out numerous errors 
faulty diction and some the theoretical reasoning, though, 
several instances, incorrectly builds arguments such errors, 
and attempts disprove facts. 

regard the 1900 Coast and Geodetic Survey Level and the high 
tribute paid thereto Mr. Ferguson, who has always worked 
with Kern levels previous 1899, and has never used Mendenhall 
level, and probably not even seen one, the writer questions the right 
apply the Buff and Berger Precise Level No. 2768 the arguments 
holding good for comparison made between the Kern level and the 
1900 Coast and Geodetic Survey instrument. The writer has used both 
the Mendenhall and Kern levels, and can say with authority that the 
disadvantages cited opposition the Kern level not any 
apply the former, for which reason (as stated the paper) the 
Buff and Berger Precise Level No. 2768, the Mendenhall level, was 
chosen preference all other levels described. could 
reason, other than true merit, for favoring this instrument now, because 
the firm Buff and Berger out existence, and, far known, this 
style instrument not offered for sale the present time. 

All the objections advanced Mr. Ferguson against the Kern level 
are due slight defects design which have all been remedied the 
Buff and Berger Level No. 2768, even the extent producing 


which shows merely the level-tube graduation without sur- 


rounding trees and houses. 

The Kern level tube held position clamps, and cannot 
readily reversed removed. The writer’s programme reading, 
therefore, not well adapted this instrument. 

Besides leveling up, nothing farther necessary put the Buff 
and Berger instrument shape for observing, neither does require 
any labor prepare for carrying. The level tube not held, but 
rests freely the telescope collars, and guided laterally guides 
the wye frame. The observer always carries the level tube and 


the umbrella, and the umbrellaman carries the bare instrument and 
tripod. 
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the general directions for the observers the Coast and Geodetic Molitor. 
Survey, required that, whenever pair lines fails close within 
the prescribed limit, both lines must re-run. third line should 
happen form acceptable pair (direct and reverse) with one the 
first lines, why would these not good third and fourth line. 
The first pair lines must have been run different times (or else 
simultaneous, which not permissible), and there reason why 
the errors one should reflect the quality the other. the 
writer’s experience that the errors nearly always belong one line 
(see Table No. 37), and the experienced observer can generally identify 
the poor one examination the notes and weather remarks. 

Reading the rods the nearest millimeter will found entirely 
inadequate for high-class work, especially for sights shorter than 

Section the regulations covers the idea carried out the 
writer duplicating readings reverse order, far this possible 
with single sights. 

Mr. Hayford favors continuing the work throughout the day. 
However, the kind-of work which the writer has done permitted this 
only during cloudy weather and during the spring and fall months, 
but not during the warm summer months. There may different 
conditions other parts the country which would alter this 
stance, but, far known, this obstacle has been encountered 
whenever high-grade work was attempted. Most the work done 
under the Mississippi River Commission during the summer was run 
early and late the day. This point clearly covered page 861, 
and careful reading will not admit much difference opinion. 

The importance which the writer places the careful equalization 
sights seen pages 863 and 867 (level notes), though this done 
additional safeguard, and absolute reliance attaches this 
feature for the elimination errors. 

The resemblance between the writer’s and the old Coast and Geo- 
detic Survey method not striking when remembered that 
the latter method based bubble readings which are afterward 
reduced the horizontal, while the former necessitates horizontal 
sights with the bubble always the center. 

difficult understand wherein the writer’s method and the 
Buff and Berger Precise Level No. 2768, seem leave the way open 
systematic temperature errors when Mr. Hayford freely admits that 
such errors are not manifested work under the Corps Engineers 
with the Kern level, which designed the same lines the former 
instrument. This statement entirely illogical. Mr. Hayford’s 
assumption correct, why, then, not the work done with Kern levels 
subject these errors? The principal changes made the Coast and 
Geodetic Survey 1898, were the methods observing and not 


| 


Mr. Molitor. 


136 DISCUSSION PRECISE SPIRIT LEVELING. 


[Papers. 


the instrument. Why, then, credit the improvement results the 
instrument alone and not the new method? 

Mr. Hayford advances explanation for the cause systematic 
temperature errors which were inherent the old Coast and Geodetic 
Survey levels. then claims that the work 1899, done with the 
intermediate type level (with striding level, etc.), and that done 
under the Corps Engineers, with the Kern level, was each case 
free from systematic error, and then expresses the belief that the 
writer’s levels, run with the Buff and Berger level similar design 
these two, are subject such error. the intermediate level was free 
from systematic error, why did discard the striding level, and design 
the 1900 instrument? Also, why does cast reflection the validity 
the writer’s experiments given Table No. when the results there 
given confirm his own theory? 

attempting discredit the observations Table No. Mr. 
Hayford attributes the observed changes the difference elevation 
between Points and the method observing and errors read- 
ing. 

The method observing cannot responsible for the variety 
results there given, because the readings were not subject sudden 
and erratic changes, and ten sets could taken quick succession 
without obtaining greater differences than 0.2 mm. The readings 
changed only when the atmospheric conditions changed. All this 
contradictory the view liberally expressed, that the time required. 


take set readings affects the results. This true for the 


interval elapsing between back and fore sight, because possible 
refractive changes, but not true for duplication pairs sights. 
The mean two pairs will always better than either one itself. 

The range differences the readings Table No. between 
and mm. for 30-m. sight read 2-mm. rod graduation, where, 
for diameters magnification the apparent magnitude the gradua- 
tion about one-half natural size. Mr. Hayford can afford call 


such differences errors reading, might well designate precise 


leveling nonsense. The same applies the readings Table No. 
where the observed differences are still larger. 

Mr. Hayford makes several partial contradictory statements 
regarding small errors, some which calls negligible and others 
equally small which takes particular pains emphasize. 

speaking the non-importance changes height instru- 
ment resulting from re-leveling, when the wye cradle pivoted 
one end, says that this might amount mm. per station for the 
1900 Coast and Geodetic Survey level, and that this negligible 
quantity. For coarser level might several times this 
but assuming the small quantity representative and that the back 
sights are always read first, then for 50-m. shots this would produce 
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systematic error 0.14 mm. per kilometer, and for 20-m. shots the Mr. Molitor. 


amount would 0.36 mm. per kilometer. 

Also, discussing the effect heaving settling the instrument 
rods claims that such errors seldom exceeded 0.25 mm. per kilo- 
meter and were generally less than also figures that this 
would amount average movement from 0.007 mm. 0.04 mm. 
per station, and concedes that either quantity too small read- 
able. another place required read the rod only the near- 
est millimeter graduation. this instance, however, Mr. 
Hayford not satisfied with his conclusion, for then asks: ‘‘Is 
not true that this source error sufficiently dangerous make 
imperative that all lines should run the 
highest degree accuracy 

The writer nowhere asserts that settlements this magnitude are 
impossible, but states that these would quite immaterial work 
where readings are taken only the nearest millimeter, and adds here 
that would not run direct and reverse lines for the purpose 
eliminating such errors, were there not many other much more serious 
errors considered. 

However, duplicate lines are justifiable for the sake eliminat- 
ing such minute and doubtful quantity, why, then, should per- 
missible pivot the wye cradle the end, where the error equally 
large and probably several times larger? 

giving Table No. assertion was made respecting the con- 
clusiveness the evidence presented; fact, the subject treated 
with considerable reserve, and the reader allowed draw his own 
conclusion. 

Mr. Hayford, citing the excellent qualities the 1900 Coast and 
Geodetic Survey level for holding adjustments, concludes that lack 
such qualities the Buff and Berger level prompted the writer 
state that reliance should placed the capability level 
tube for holding its adjustment. 

While not disputed that point material the latter instru- 
ment might much improved, and such improvement was advocated 
the writer 1898, proposing the substitution wooden 
glass tube for the bronze case the level tube, yet, with the instru- 
ment is, difficulty was ordinarily experienced keeping the 
level almost perfect adjustment, shown the readings (see 
Tables Nos. and 13), where the combined bubble and collimation 
error measured for every sight. Also, cite extreme tests, this 
instrument was last used 1898 temperature about 50° 
Fahr., and was good adjustment. was then put into the box, 
transported miles wagon and miles rail; then stood 
warm room for several days, and, finally, was transported farmer’s 
wagon (without springs) for distance miles over rough frozen 
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road and used run duplicate line km. Fahr., all with- 
out adjustment. 

There were many cases, however, when the bubble was adjusted 
several times during single day, but this was done merely keep 
the error within small limits. 

Collimation was adjusted only twice during whole season, and 
when changed did suddenly. 

Still, with these comparative facts plain sight, the writer would 
not dispense with the striding level the invertible telescope, for the 
very evident reason that, without these, there absolute assurance 
the condition the instrument except the times when the errors 


are measured. careful determination the instrument 


errors quite time-consuming and frequently unsatisfactory, for 
which reason such determinations were entirely abandoned the 
writer his field methods. 

The 1900 Coast and Geodetic Survey level is, principle, not 
possess the virtues precise level. saying this, the writer does 
not mean that good work cannot done with such instrument, but 
that difficult determine its errors adjustment, and great deal 
must taken for granted, which the results careful work have 
taught the observer regard with suspicion. 

this new instrument the thread error cannot measured accu- 


rately, and the thread adjustment should not changed the field. 


Also, the level-tube error not directly measurable, and the resultant 
error the instrument must determined the so-called peg 
adjustment, which perfect theory, but very inaccurate practice, 
unless the mean many observations (say, 20) used. This 
instrument error measured only once daily, and absolute reliance 
placed the constancy such error throughout the day. Were this 
combined bubble and collimation error observed continuously, 
done the writer’s method, would found undergo periodic 


changes, fact which passes unobserved the Coast and Geodetic 


Survey instrument and method. 

the levels run the Kern instrument are free from systematic 
cumulative errors, freely admitted, even though this instrument 
level and invertible telescope, why, then, was necessary 
avoid these advantageous features designing the 1900 level, and 
add others which are distinctly undesirable? Would not have been 
proper first establish the fact that the cumulative errors found 
the old Coast and Geodetic Survey levels were due defective instru- 
ments, and not faulty methods observing? might interest- 
ing for Mr. Hayford run stretch levels, both the old and new 
methods, determine this fact. 

While the least probable error any work the Coast and Geo- 
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detic Survey 1899 0.65 mm. per kilometer, showing marked Molitor. 
improvement over the former work this department, yet such 

value among the high ones for work with the Kern level, and would 

scarcely comparable with the writer’s best work, where the probable 

error was 0.33 mm. per kilometer. 

The writer, therefore, contends that nothing has been gained 
the 1900 Coast and Geodetic Survey level, that the design step 
backward, but that the mechanical execution and materials used are 
worthy imitation and may accepted decided improvement 
over anything yet produced. 

The erroneous statement, page 795, relative the coefficient 
expansion paraffined rods was inadvertently committed and has 
been righted. 

Regarding the question foot-plates, the writer would add that 
has used both plates and pins, and could under circumstances give 
preference the former. The only case where the pin cannot used 
bed rock, and here the plate quite useless, and the rods are 
generally held small knobs cut with cold chisel. The writer has 
worked over all possible kinds country, and has never found case 
where the pin did not give the highest satisfaction. Like experience 
shared others. This again does not mean that good work cannot 
done with foot-plates, but intended convey the idea that the 
pin safer and less likely disturbed, and, consequently, saves 
re-running work. The use the pin regarded step 
advance, but nobody compelled adopt this account. 

Mr. Hayford fails see the advantage placing the zero the 
rod graduation above the foot the rod. advantage claimed, 
but good practice, because the end the rod subject wear 
and does not afford good point for making comparative rod measure- 
ments. 

was not the writer’s intention involve several generations 
and others confusion over the subject collar 
inequality. precise levelers are concerned, the writer believes 
has discovered disparity between the theoretical solution this 
problem and its practical application. the astronomers, may 
added that discussion bearing this point has been published 
Dr. Jordan.* 

The writer indebted Mr. Hayford for pointing out some very 
glaring errors pages 830 and 831, some which have been cor- 
rected explanatory foot-notes. However, imperfect this reason- 
ing may be, the fact still remains that the common method measur- 

ing the error due collar inequality does not give the true inclination 
between the axis collimation (as defined the centers the collars) 
and the axis the level tube, except under certain conditions. 


Grundzuege der Astronom. Zeit und Ortsbestimmung,” Berlin, 1885, 46. 
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Mr. Hayford states that when corrections for curvature and refrac- 
tion are applied, ‘‘the method shown Table No. seems cor- 
rect, and should give value the collar inequality agreement 
with that the method except for unavoidable 
errors then quotes the various values found for 
this function different times the two methods, and concludes that 
great range values, and the fact that they are unusually 
large, indication that the concentration the wear the tele- 
scope collars the four small areas has produced the effect which 
should 

the absence further proof, such conclusion wholly unwar- 
ranted, and displays very unscientific way disposing the subject. 
matter fact, the collars show appreciable wear, which 
visible measurable either the methods named, both before. 
and after the instrument was used for over 100 miles levels the 
writer, and following the method double sights with level tube 
reversals. This, Mr. Hayford might have seen inspection the 
values which quoted and which are repeated Table No. with 
dates observation. 


TABLE No. 35. 


METHOD. 


observed. Corrected for curv. 


Millimeters per meter.|Millimeters per meter. 


Hence, whether, not, the writer has succeeded theoretically 


demonstrating the reasons for this disparity, the fact still remains that 


the two methods not give similar results. For different instruments 
these values would, course, bear different relation each other. 
The close agreement the values found August lith, 1898, with 
those found May 5th, 1899, after running 100 miles levels, shows 
the minute wear which took place the collars. 

According Mr. Hayford, the collars might have any regular shape 
without affecting the validity the common method, long the 
angles and (a) and (b)] are equal. 

While this all true for theoretically perfect reversal the tele- 
scope collars the wyes, yet, fact, such reversals would not pos- 
sible, except for circular collars, for which reason the assumptions 
page 830 are cited. 
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The function sought the angle between the axis collimation mr. Molitor 
through the centers the collars and the level tube axis. Supposing, 
then, that the collars were elliptical, how, practice, would the com- 
mon method determine this angle? Also, the contact points be- 
tween collar, the level tube and the wye support are not plane, 
how can the theory apply collars which have become worn from 
use? 

Referring again Figs. (a) and (b), and calling all dimen- 
sions linear distances for collars apart, which case 
wand could also represent tangents angles, millimeters per 
meter. Then 


Also, 


assigning values and and assuming 0.0276 mm., the 
other functions may found indicated Table No. 36. 


TABLE No. 36. 
q = 0,0000....... = 1543 0.0195 t = 0.019) q = 0.0000 


These figures illustrate very strikingly the effect which changes 
have the telescope pointing when the level tube always 
horizontal. 

The total angle measured the level tube performing the ordi- 
nary determination collar inequality and 
the angle between the collimation axis and the level tube axis 
which one-fourth the total angle only when 

Hence, when are unequal, then and are unequal, and 
error, though small comparison the discrepancy found. However, 
the foregoing may serve point out the chances for errors resulting 
from irregular collars and the other factors mentioned page 830. 

avoid any doubt regarding the interpretation the common 
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method, one set the observations made May 1899, with Buff 
and Berger Level No. 2768 given here full: 


Telescope. Level tube. Bubble readings from center. 

Eye end Direct. end. 17.0 S.end. 16.4 
32.8 

0.275 
13.5) 40.1 


The value the level tube was 6.51 seconds, which gives 5.937 seconds, 0.02884 mm. 


per meter. 

The method here followed taken from Theory and Practice 
See, also, example page 830 the paper. 

The conclusion drawn from this rather lengthy discussion 
that, far the subject leveling concerned, the better and 
probably more accurate method follow the determination the 
residual error resulting from collar inequality and possibly other sources 
the one given the writer Table No. except that smaller 
excess sights (say from instead m.) might chosen, 
reduce the error refraction and curvature minimum, though 
correction for this should made every case. 

The criticisms Table No. are not proper, and the final figures 
Table No. are entirely unjustifiable, because the value 0.0635 
includes curvature and refraction for m., and the value 0.6276 
shown erroneous, although correctly determined the commor 
method for finding the error due collar inequality. 

admitted that the data presented Table No. are not 
entirely conclusive, fact well known the writer before publishing 
them. However, the conclusions stated pages 844 and 886 were 
arrived prior making the set experiments given Table No. 
observing the closures lines run during June, 1899, and the 
speciai experiments were really made give more weight these 
conclusions. 

The writer had intended make much more elaborate set 
experiments, observing set points around the horizon (all 
equidistant from the instrument), for variety weather conditions 
and different methods shading the instrument. This fond hope was 
never materialized, owing the fact that suitable conditions did not 
present themselves during continuance the work, and after comple- 


Professor Johnson, page 574. 
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tion the line (Lake St. Clair levels) the party was disbanded, and mr. Molitor. 


permission indulge farther investigations this kind was 
obtainable during the writer’s connection with the service. con- 
fidently hoped that such work may still undertaken, and much 
valuable information may expected therefrom. 

However, the validity the conclusions cited, Mr. Hayford’s 
attacks are not altogether warranted, even the absence other 
supporting evidence. For, the facts here supposed proven 
are erroneous, then the systematic temperature error found exist 
the older Coast and Geodetic Survey levels likewise unsupported, 
for both show apparently the same thing, viz., both make 
elevations carried toward the sun too great, and vice versa.” Why, 
then, should Mr. Hayford reject these experiments which show this, 
and accept merely his theoretical proof? 

Again, Mr. Hayford objects basing such conclu- 
warranted drawing any conclusions from errors amounting only 
0.25 mm. per kilometer, has done; and what would designate 
measurable error? also attempts destroy the weight the 
observations Table No. pointing out change the thread 
interval, which would naturally occur such set readings. 

Each thread taken itself will constitute line levels wherein 
the collimation not adjustment, except possibly for the middle 
thread. examination the table gives differences elevation for 
thread varying 1.0 mm. between maximum and minimum 
Likewise, the middle thread gives 1.3 mm. and thread gives 2.8 mm. 
The average The range for the mean values given 
the table 1.2 mm., after correcting the first value, erroneously 
given the Proceedings 287.9 288.3 mm. while the 
thread distances did undergo changes, the mean values give range, 
1.2 mm., almost identical with that the mean thread, 1.3 mm., when 
taken itself. Therefore, the conclusions which the writer has based 
the observations whole are not vitiated the variations 
thread distance. 

Mr. Hayford further states ‘‘that there evidence put forward 
determine which the many differences elevation was 
the true one.” While this was not discussed length, hardly 
seems probable that anyone would exercise such poor judgment 
assume that the mean all the values the best, when there are such 
apparent evidences disturbances those recorded the remarks 
column and shown other comments the text. The first pair 
sights together with the last five pairs might readily accepted, 
indicated the readings, their mean values and the remarks. This 
mean 287.93 mm. The other values, however, indicate decidedly 
the presence disturbances, and there every reason reject them. 
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The indications are that the direct rays from the sun constitute the 
disturbing element. Hence the claim, that the true readings are those 
taken the absence this disturbance (as before sunrise under 
dense clouds), correct within knowable limits. This must 
acknowledged, any true readings are considered possible, and was 
taken for granted that this fact was shown directly the observa- 
tions without further proof. 

Another fact, not clearly shown the observations, but sub- 
stantiated many the writer’s lines, that the temperature error 
manifests itself only during midday hours, and most cool days (as 
spring and fall) entirely absent. This probably not new 
discovery, for nearly all the high-class work done under the Missis- 
sippi River Commission, mostly Assistant Engineers Johnson 
and Ferguson (see Table No. 21), was done early and late the 
day, and this the work generally recognized free from cumu- 
lative errors. Hence, the practice the Coast and Geodetic Survey 
continue work throughout the day, together with the older method 
reading the level tube off center and reducing the horizontal, 
may accepted very conclusive evidence the causes for cumu- 
lative errors the old work. 

The writer’s conclusions page 844 are every way verified 
experience and supported the observations Table No. 
explained page 843. Mr. Hayford’s statement the contrary, 
direct and reverse lines run during the same half the day 
would close well,” covered Conclusions and page 844, 
where the time interval between the runnings either zero, for 
simultaneous work two directions, the interval too short 
allow the conditions change. Usually, this not the case when 
both lines are run one party. 

careful reading page 843 will leave little chance for doubt 
the validity the writer’s conclusions this respect, though few 
examples lines showing the practical results are given Table No. 
37, order strengthen these arguments. 

These stretches are not particularly selected, but represent all those 


wide closures where constant errors might expected. The fol- 


lowing facts are striking: 


1.—The rejected bad line set invariably the one where the 
shortest sights were taken, condition made compulsory difficult 
reading. Ordinarily the shortest sights would give the most accurate 
results. 

2.—All the rejected lines are those run nearest noon, where the 
temperature effect greatest. This fact enabled the observer 
identify the bad line each pair, that third line would always 
supply the data for acceptable pair. 

3.—There marked tendency for lines close well when run 
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Deter- 


mined 


from: 


105 


109 


112 


116 


121 


123 


Distance. 


429 


086 


888 


Difference 
elevation. 


mm. 


Rejected. 


45.4 


ele 


55.5 
55.5 


Excess 


Day. 


Dir. 


From From 


4 P. 


Rev. 


clear. 


clear. 


clear. 


10 a, 

5 A. 
clear. 


5.15 


WEATHER. 


‘Closing 


bearing. 


clear. 
clear. 


hot. 
clear. 


hot. 
clear, 
clear 


clear. 
clear. 


35° 


35° 


30° 


=A. M. P. = P.M. 
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during symmetrical portions the day with respect noon. Six 
out seven stretches show this. 

run during the same half the day generally close wide. 
Five out seven show this. 

5.—Lines run during the same half the day and closing well, 
were both run either sufficiently late early the day, that the 
presence deleterious temperature effects was very improbable. 

All these facts substantiate the conclusions page 844, though 
they not all agree with Mr. Hayford’s theory regarding the direc- 
tion the line with respect the position the sun. Therefore, 
would seem more probable heat effect the instrument 
resulted curvature the telescope rather than distortion 
the level tube, which case the countersunk level vial the 1900 
Coast and Geodetic Survey level would advantage. The writer 
believes that the only superior qualities this new instrument are 
due the material used its construction. 

Mr. Hayford’s work throughout the day, will 
not stand, either theory practice. The working hours rarely 
exceed hours actual instrument work, and are generally less. 
However, hours the day can utilized whether the midday hours 
included not; and the amount and quality work possible 
day when the midday hours are excluded will, with rare exceptions, 
exceed that producible day when the midday hours are included 
and short sights become compulsory. These midday hours may vary 
season the year. 

reality, then, there decided advantage confining the 
working hours those which are conducive good results, and 
then working hard, rather than peg during the hottest 
portion the day and afterward compelled reject much the 
work. 

The statement ‘‘that might have been urged with considerable 
force that errors due unequal temperature changes the instru- 
ment might expected smaller during the early and late 
hours,” 
ward,” not correct for this, one the strong points brought out 
the writer various places, and especially pages 842 and 843. 

The question rapidly changing refraction occurring early and late 
the day rarely ever source much annoyance, except during 
unusually warm days followed very cool nights, However, the 
method observing always reveals these errors when they 
exist, and the celerity with which back and fore sights are taken does 
not permit any great changes refraction. Vibrations are much 
more annoying and dangerous. Hence, the seeming objections are not 
nearly great reality theory. 


and that ‘‘such argument has never been put 
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The writer does not concur Mr. Hayford’s statement that ‘‘it Mr. Molitor. 


true leveling, true general, that the truth reached 
observing under all possible conditions.” This true when one 
wishes ascertain the laws level errors, but, these being once 
established, work should done only under such conditions are 
favorable the exclusion errors. There are numerous facts 
record prove that selected conditions are many instances the 
only ones furnishing acceptable results. All base line measurements 
well most astronomical and geodetic work must confined 
special conditions 

The best teacher matters this kind experience, without 
which the theorist will often astray. 

The writer freely admits that has made few mis-statements 
relative the theory errors, pointed out Mr. Hayford. These 
will rectified the paper, except the one relative 
page 878, where stated that this formula 
applicable only when all stretches are equal length. Strictly 
speaking, this incorrect; but the idea intended was that the prob- 
able errors the individual stretches were absolutely unreliable, and 
hence, could not serve for the derivation other functions 

Mr. Hayford says computed probable error single 
kilometer true measure the relative magnitude the errors 
belonging the accidental compensating class different lines.” 
This error involves the probable errors the individual stretches 


tions are equal weight. When allowance made for unequal weights 


Referring now Table No. 19, the probable errors the two 
stretches, found from the errors the individual turning points, are 
mm. and mm. Table No. 18, these same stretches 
have probable errors 0.01 mm. and mm., respectively, 
the usual interpretation the method, applied 
leveling. Mr. Hayford accept the closing errors these two 


found from the formula 0.674 where all observa- 


stretches, and determine 0.01 0.11 mm., accord- 
ing the process followed Table No. 18, would preter the 


2 
value 0.517 0.32 0.608 mm., would result from the 
probable errors Table No. 19? Also, the absence the figures 
Table No. 19, would attempt assign any weights these obser- 
vations which acceptable values for the 7’s might obtained? 
general, level observations are never equal weight, and, 
frequently, both direct and reverse differences elevation for 
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single stretch may the same side the truth. Hence, what 
moral right could any one discriminate between two observed values 
difference elevation? Also, what, then, constitutesthe worth 
the theory error connection with the subject leveling? The 
writer and many others fail see any, though they may use for 
want something better. 

The above stretches are fairly representative, and may safely 
classed with work the highest attainable accuracy, yet impos- 
sible, any process reasoning, assign values for their probable 
errors. outright guess would entitled much weight any 
theoretical value assignable. 

Hence the real question, the probable error pair lines 
over given stretch, cannot answered; from which follows that. 
must remain conundrum. 

The writer does not wish convey the idea that opposed 
even finds fault with the theory errors general, but merely 
the special case two observations that the application the 
theory not considered practical value. 

response Mr. Williams the writer would say that more 
careful reading the paper would have precluded the necessity 
saying more the subject refraction errors. The paper abounds 
references this source error (pages 838, 839 and 861), and one 
the principal reasons for the duplication readings detect 
the presence such errors, which single sights fail until stretch 
closed. 

Professor Crandall has pointed out error page 825, 
comparing the effect rod readings using 2.7-second and 
9-second level tube. What the writer meant show was the effect 
0.1-division error, these respective levels, rod readings 100 
would not have been fair apply the mean error, given 
Table No. single rod reading, where the bubble might readily 
0.1 division out center. 

Very sensitive levels have long been used observers Ger- 
many, Switzerland and the United States, and have given such 
trouble predicted Messrs. Claye and Lallemand. Also the 
50-diameter magnifying power the Kern and Buff and Berger levels 
has not increased the weights such enormous proportions claimed. 

his criticism the writer’s treatment collar inequality (pages 
829 and 830), Professor Crandall correct, the extent that the level 
tube should reversed before and after changing ends with the tele- 
scope. However, his further conclusion, that the example page 830 
simply measures twice the error the level tube, entirely wrong, 
because, this case, the level tube was perfect adjustment. When 
there error the level tube, this process would measure the 
combined error level and collar inequality. 
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Professor Johnson, though not participating the discussion, Mr. Molitor. 
has pointed out few errors, mostly Table No. 21, all which will 
corrected the paper when reprinted the 

was the writer’s intention present the facts relating precise 
leveling, and hereby expresses his thanks and warm appreciation 
those who have contributed their knowledge, and assisted him 
achieving this purpose. 

With the same motive, the writer felt called upon write com- 
paratively lengthy closing discussion set aright those facts which 


had been assailed seemingly plausible arguments doubtful 
weight. 


very valuable collection the results Leveling 
the United States,” Mr. John Hayford, Assistant, Inspector 
Geodetic Work and Chief the Computing Division the United 


States Coast and Geodetic Survey, will found Appendix the 
Report the Survey for 1898-99. 
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James Am. Soc. E.—During the past two years, 
the investigations connected with the Philadelphia Water Supply 
Improvement, for the Mayor’s expert Water Commission, and the New 
York City Water Supply investigations, for the New York Merchants’ 
Association, the speaker has conducted rapid surveys over large area 
mountainous country, for the purpose securing data relative 
stream flow and storage facilities. short account the methods 
used and the results obtained may interest. 

For the New York investigations the work consisted reconnais- 
sances for aqueduct lines, and surveys reservoir sites and water-shed 
limits, the Adirondack, Catskill, Kittatinny and Shawangunk regions, 
for which topographical maps were available. the time allowed 
was very short, quick gpproximate methods were necessarily used. 

the Catskills the information desired was the location suitable 
dam sites, the capacities the reservoirs formed these dams, and 
the area tributary each, order arrive conclusions the 
available daily yield this water-shed. was, first, rather dis- 
heartening task; favorable locations for masonry dams appearing only 
the lowest sites each the three main streams, the Esopus, 


Continued from February, 1901, Proceedings. See December, 1900, Proceedings for 
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Catskill and Schoharie Creeks, and the country rough and Mr. Fuertes. 


broken that progress was necessarily slow. 

foundation for the work, the best available maps were secured. 
These were small scale little use except for the pur- 
pose estimating water-shed arcas. The equipment party con- 
sisted pocket aneroid barometer, pocket compass, hand-level, 
and horse and buggy. party consisted three persons, two 
for the field and one remain headquarters and record short 
intervals the readings the stationary barometer, noting the exact 
time each reading. were sometimes taken about 
3-minute intervals, when the fluctuations pressure were rapid. 
The time was noted each reading, both the field and head- 
quarters. night the readings the stationary barometer were 
plotted and the proper corrections the field readings were made. 
Sometimes was necessary compensate for lapse time, when 
area low pressure was moving toward away from the 
observers; this was done shifting the time scale. times the 
changes the barometer would much 300 400 ft. few 
hours, but taking several readings consecutive stations the 
effects such variations could eliminated. Generally, the baro- 
metric readings, after correction, could depended upon within 
about ft. 

The field party first meandered all the roads in, and, crossing, the 
valleys, taking bearings every change direction, and 
elevations every angle point, and points where the slopes changed. 
The distances from point point were measured counting the 
revolutions the buggy wheel. The corrections for the slip the 
wheel, according the roads were smooth rough, frozen, icy 
muddy, stiff, hilly flat, were determined each day plotting the 
day’s work and checking the distances counting the rails the 
railroad track between road crossings. Where possible, surveys were 
made complete circuits, that distances and directions could 
checked from two independent lines. After the main lines through 
the were completed, cross-sections were taken various points 
where the topography indicated that such sections were desirable. 

Elevations were checked reading the barometer the different 
stations every time points were passed where elevations had been 
taken previous days. The elevations the railroad stations were 
assumed starting points for the different lines. These were taken 
from the time table the Ulster Delaware Railroad, from the 
Cold Brook Station, the Ulster Delaware Railroad, the barom- 
eter indicated discrepancy about ft. the elevations, com- 
pared with the time table elevation. time this station was 
passed the same difference elevation was found; was therefore 
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checked, first with hand-level, and afterward with wye-level, and 
the barometric elevation was found substantially correct. 

Each day’s work was plotted night, the contours 20-ft. inter- 
vals, roads, buildings, railroads, bridges, being put the sheets, 
which were then sent the New York office worked into record 
shape. The sheets for the general map were plotted about 
mile inch, and the detailed maps the creek valleys, 
500 ft. The plotting generally checked out quite 
closely; closely enough enable the probable storage capacity the 
reservoirs estimated with sufficient degree accuracy. was 
found that the error was generally the side safety; that is, the 
tendency was underestimate distances rather than overestimate 
them. 

The total cost the field work for the Esopus Valley, including 
all salaries, team hire, hotel bills and traveling expenses, was $457; the 
cost making the record maps was $136; or, total $593 for the 
survey and maps complete. The territory embraced this survey, 
over the whole which contours were taken 20-ft. intervals, 
covered 500 acres; thus, the cost the field work was the rate 
4.8 cents per acre, and the cost the record maps, scale 500 ft. 
inch, about 1.5 cents per acre, making the cost 6.3 cents per 
acre. 

The reliability the barometers was tested most severely 
making the survey the Drowned Lands” the Wallkill Valley. 
Just south the crossing the Erie Railroad over the Wallkill River, 
the valley widens out and forms broad plain from one five miles 
width. This plain nearly flat, both lengthwise and transversely, 
and extends well down into New Jersey. was one time, undoubt- 
edly, the bottom During the winter and spring the whole 
valley frequently lies several feet under water. getting elevations 
this valley care was exercised take many barometric readings 
possible points where elevations had been taken previously. 
Elevations were carried down from Goshen and Middletown. After 
the completion the work, comparisons were made with the Geologi- 
cal Survey sheets New Jersey, and was found that the contours 
carried down from the Erie Railroad crossing fitted those brought 
from tide-water through New Jersey. 

the case the erroneous elevation found Cold Brook Station, 
the Ulster Delaware Railroad, the attention the Railroad Com- 
pany was not called the discrepancy, because the elevation was 
taken from the time-table, and was not official. The valley through 
which the railroad runs quite beautiful, and much frequented 
tourists and summer visitors, and one the features the time- 
table was the publication the elevations the railroad stations. 
The profile the railroad was not secured. the time, was 
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thought that the error might have been simply oversight proof- Mr. Fuertes. 


reading. The elevation given the authority the 


Luster, Jr., Assoc. Am. Soc. E.—The speaker has done Mr. Luster. 
quite amount topographic work, with both aneroid and wye- 
level, and probably did some the work near the New Jersey State 
line which Mr. Fuertes refers. 
Part this topographical work was rough section the 
Adirondacks, where the general method followed was run lines 
levels along the railroads and country highways. These levels were 
used the base for and aneroid work, vertical angles being 
used all stadia lines. 

taking the topography township the lines were first run 
around the tract, using transit and steel tape, the horizontal and 
vertical angles were read and stadia distances recorded; the latter was 
reduced the horizontal and used check the tape distance. 

township contains sq. miles and measures miles around the 
border. The closure the horizontal work was ft. and the 
vertical about ft. 

This work was all cross-checked running lines the subdi- 
visions the township, sometimes transit and tape and other 
times with compass and stadia, according the importance the 
line. cross-lines always crossed line levels, that perfect 
vertical control was secured all times. The azimuth was checked 
sun observations and triangulation. 

All horizontal measurements were taken between vertical rods 
which were driven solidly the ground and made vertical the use 
two attached levels. Down the center these rods there was slot 

which just allowed the entrance projection plate attached 

the zero end the was made horizontal the use ofa 
hand-level, and the distance between the centers the slots was then 
read and recorded. 

Some the distances taped over had slopes degrees. Taking 
that fact into consideration with the distance measured, miles, the 
closure ft. was remarkably good. 

peculiar fact that all the township line work which the 
speaker has done the Adirondacks, has found that with few 
exceptions these lines cross the summits all the high peaks very 
close them, and almost every instance triangulation station 


can located the line which will give perfect view other 
stations. 


these points small signal was erected and round angles 
measured, and later date was observed from the other 
stations. These triangulations were made with 20-second Buff and 
Berger transit. The results these triangulations were plotted 
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projection and the lines then adjusted these points graphically. 
The scale this map was 000, which made the perceptible 
error the map very slight. 

The topography was filled aneroid, which, for ground 
this nature, was rapid and fairly accurate way working. Each 
township was divided into lots, the lines which were run com- 
pass and stadia, the vertical angles being read for the vertical 
control. From these lines pacing traverse was run the interior 
each lot, and aneroid readings taken all points topographic 
interest. The remaining contours were sketched eye. The 
aneroids were read the start and finish each traverse, and the 
points taken the interior were adjusted proportion the elapsed 
time. Readings for comparison were taken the camp during the 
day the man charge, his other duties did not prevent; this 
often happened, these readings were little used and dependence was 
placed average readings taken the same point. These aneroid 
heights can depended within ft., five six check readings 
were taken point known elevation, which led the speaker 
take the error mentioned maximum. 

The speed such survey, when all hands, fifteen men, were 
working the line, was about miles per day. 

The foregoing method differs from that carried New Jersey. 
State the ground not rough and not heavily timbered, 
that the various features the ground can readily seen and 
useless lines need run. For country this nature the wye-level 
was used for all topography. the few cases where the country was 


hilly and timbered aneroids were depended on, but were used only 


very short lines. 
Formulas were never used distribute the error, the number 
stations involved would have made the task great that the results 


the work would have been greatly delayed before publication, and, 


the speaker’s opinion, the scale map, where small that 
mentioned, does not warrant such refinement. 

The paper has been read carefully, and, while admitting that 
method adjustment necessary, the one given seems the speaker 
too cumbersome for practical use. making adjustment 
survey the speaker uses the following method: The lines which can 
measured without any difficulty are taken correct and the differ- 
ence then remaining proportioned the other lines proportion 
their lengths. the ground open and the located corners can 
seen from two more points the field, base line carefully 
measured, from the ends which these corners can seen; the 
angles are measured and then the sides are computed check the 
measured distances. has been the speaker’s experience that this 
method very little error will found lines easily measured, and 
refinements need used adjust this small difference. 
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Am. Soc. has often used Dr. Bow- Mr. Lee- 


ditch’s method adjusting probably for the lack some- 
thing better, and has fallen into the error, common those who have 
applied transit survey, namely, the giving insufficient credit 
the accuracy the angle measurements. 

survey should accepted, the original notes which are not 
sufficiently accurate within their limits, which may anywhere 
between those mountain land and city lots. This condition being 
satisfied, surveyor can afford make, nor will any owner consent 
pay for, elaborate correction. made for the purpose 
locating fixed points corners. the bearings and distances 
when re-run will not locate these points accurately, matters not 
whether the error one bearing distance. 

Since the present practice tends accuracy instrument work 
greater than that chaining, the speaker would recommend that 
these two adjusted common basis before survey 
Then Dr. Bowditch’s simple and rapid method correction may 
applied without detriment 

Much depends upon the circumstances attending the making 
that is, the conditions under which made, and the 
nature the territory. Here arise abundant opportunities for the 
exercise judgment. 

The speaker recently made survey industrial plant which 
was scattered along railway for about half mile, making circuit 
then, about The line along the railway was assumed 
meridian and its length correct; then the meandering line behind 
the plant was adjusted it. Numerous shots and measurements 
corners buildings and other fixed points proved the accuracy the 
work and the rationality the adjustment. 
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the author, the origin the change ownership the water-works 
the village Nyack, from private municipal plant, began 
with the continued dissatisfaction the consumers, the three 
villages named, with the quality the water supplied the private 
company. 

1872 Commodore William Voorhis, large property owner 
Nyack and South Nyack, constructed, principally for the supply his 
own houses the latter village, gravity plant, taking the supply 
from small springs found the hillside these villages. Gradually 
the plant became enlarged the addition other consumers, and 
additional supplies were obtained from springs. 1884, however, 
after much expensive and fruitless effort obtain similar additions, 
was found necessary seek supply other means than that 
gravity. Examinations various other sources, including Rockland 
Lake and the Hackensack River, were then made, and resulted the 
selection the latter the source supply. 


This discussion (of the paper Houston, Assoc. Am. Soc. E., printed 
Proceedings for December, 1900), printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 

Communications this subject received prior April 27th, 1901, will printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 
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The Hackensack River originates principally from the outflow Mr. Haring. 
Rockland Lake, and from stream having its source west New City, 
the latter being considered the purer supply. 

1895, the Village Nyack held election determine upon 
the construction municipal plant. The vote was favorable, and 
the Board Water Commissioners resulted. The writer was once 
appointed their engineer, and designed distribution system which 
was built connection with the sewerage system, which caused its 
rather hasty consideration, the pipes were laid shelf the side 
the sewer trench. search was then instituted water. 
Various nearby supplies were investigated, and finally test was made 
driven wells the red sandstone, along the shore the Hudson 
River Upper Nyack, out which many springs were flowing. 
These wells were quarry sites worked many years ago, but long since 
abandoned. The springs from the various strata had been flowing, 
without any appreciable loss, for long time, and seemed promise 
results satisfactory, both quantity and quality. Three wells, each 
ins. diameter, were contracted for price per foot which left 
the Water Commissioners much latitude the depth and the final 
number wells driven.. The depth the deepest well was 
285 ft. and that the remaining two very much less, when test was 
instituted, first with the barrel pump owned and operated the 
contractor, but this having capacity only 100 galls. per minute, 
the writer advised the Commissioners apply more thorough test, 
and succeeding getting the necessary plant pump the use 
compressed air. This test was continued without intermission for one 
week, the quantity pumped averaging more than 100 galls. per minute 
during the whole that period. Measurements were made from time 
time which the depression the water table, both the well 
pumped, and each the other wells was recorded, and, previous 
the constant pumping, the length time taken the water-table 
recover its normal height was also noted. For six days the test, 
both quantity and quality, seemed satisfactory, but upon 
the seventh day, when was proposed end the test, sample 
water taken for analysis was found salt. would diffi- 
cult determine what time during the test the water became salt. 
fact that people were using the water pumped during the whole 
time the test was being made, and that during that time local chemist 
was analyzing the water for his own information, but, until the time 
mentioned, there was discovery the fact that the water was salt. 
The probability that the salt water came very gradually the 
elevation the water-table was lowered, the latter finally reaching 
point below that the bottom the river, the ordinary high water 
line which was about ft. distant from the well tested. The shore 
was continuation the red sandstone for considerable distance 
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out, and was covered not silt, had been supposed, but gravel 
and coarse sand only. 

After this attempt failed, gravity supply from Spring Valley, 
about miles the west, was investigated and practically decided 
upon. The supply came from sparsely settled territory and from 
various small streams, one which was gauged the 10-in. meter 
now use the pumping station. 

During the early operations the Water Commissioners was 
open question whether not they would take proceedings 
condemn the private water company’s plant. They construed the law 
being adverse any attempted negotiations for its purchase 
private sale, even though amicable adjustment could have been 
arranged, which was doubtful, popular sentiment the village being 
adverse such acquisition; but was finally determined take such 
action because the immediate revenue derived therefrom, and 
also because the franchises and distribution the adjoining villages 
Upper Nyack and South Nyack. Proceedings were begun, and 
lengthy litigation before Commissioners Appraisement ended the 
acquisition the private plant, but valuation high that the 
available appropriation was insufficient pay the cost carrying out 
the gravity supply scheme. 

During the time proceedings condemnation were progress, 
the Commissioners had paralleled the mains the company the 
village with materially larger and more complete system. 


One the elements the condemnation proceedings was the 


attempt the Water Commissioners prove the Hackensack River 
supply objectionable quality. This was, part, admitted 
the company, and the attempt was met showing that the supply 
could filtered small cost, thereby overcoming that objection. 
The experts for the company were John Bogart, Am. Soc. E.; 
Whittemore, Assoc. Am. E., and Mr. Joseph Rider. 
These engineers selected the site the filters, not the high-service 
reservoir, which was especially brought their attention sug- 
gested location, but place near the old pumping station, which was 
few hundred feet southeast the present filters. Later, when Allen 
Hazen, Am. E., was consulted with regard the construc- 
tion filter and its location, also advised the present site, one 
within short distance the site selected, the reasons given for such 
location being principally its proximity the pumping station, the 
facilities for obtaining sand, and that the engineer running the pumps 
could regulate the filters, thereby saving the cost additional labor 
operation, the approach the high-service reservoir being some- 
what difficult and the cost additional land that point being also 
considerable. The writer calls special attention these facts because 
the criticism following the discovery the bad bottom alluded 
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the paper, and attempt made hold him and the Water Com- mr. Haring. 
missioners responsible for improper location the filters. Both 


acted the advice and best judgment the expert engineers con- 
nected with the condemnation proceedings and their own consulting 
engineer. 
When the contract for the construction was let, the price fixed for 


the excavation was cents per cubic yard, the supposition the 
contractors that the earth, clay, could excavated the use 
centrifugal pump, was done later the second contractor exca- 
vating the curb the pure-water well. The pump was put on, but 
the attempt take out the clay this manner was failure; the 
material, use the contractors’ expression, being much like 
white lead make 

Tests were made over both sites before either was selected, one 
being the old pumping station, the other the place chosen. 
steel-pointed, round iron rod, was used, and was both churned 
down and driven with sledge resistance. The results these 
tests were reported the Water Commissioners, and their attention 
called the fact that they were not satisfactory; they were, however, 
all that were attempted, except the test excavations mentioned later, 
until the conditions described the author occurred, after which, 
stated him, tests were made short cross-sections the north 
and west the excavation. The results the latter tests showed 
stratification small boulders and gravel sloping from west east, 
and from south north, the strata seeming rise quite near the 
surface the meadow point about ft. west the west line 
the excavation. This fact led Mr. Hering recommend that the loca- 
tion the filters changed placing them that distance the 
west. the lines that suggestion the location the pure-water 
well was changed, which accounts for its apparently angular position 
with reference the filters. The iron rod used testing the site 
came absolute resistance repeatedly the last test, and upon being 
withdrawn was frequently found much bent, yet, when the clay 
and gravel was excavated, and account the puddling caused 
teams passing over it, the bottom the excavation became semi-liquid, 
thus proving that nothing short deep test pits could have shown 
exactly the character the bottom the depth required. Before the 
site was purchased, test pits were dug such depth was possible 
without pumping appliances, but they were too shallow afford 
materialinformation. The geological formations, afterward considered, 
were generally adverse the selection the site. 

Complications with the contractors led the Water Commissioners 
retain the original location the filters shown the plans, and 
they were constructed that site. 


From the time bad bottom was discovered, the has been 
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under the belief that would difficult prevent separation taking 
place the concrete along the edges the floor adjoining the 
stringers and board covering. The placing unequal weight 
careless handling the sand first filling, or-afterward cleaning 
the filters, will found dangerous element affecting this 
result; or, with the semi-liquid earth forming the bottom, which 
the 1-in. flooring used for the area the filters alone rests, may 
accomplish this also the wave action due unequal loading, which 
was constantly evidence during the operations the first con- 
tractor. Its dangerous character shown the spring described 
the paper. The first appearance this spring was the result test 
hole. When the rod was withdrawn stream water spouted 
some distance above the surrounding bottom, and time became 
enlarged boiling spring. During the writer’s connection with the 
work, which ended May, 1898, and while the excavation was free 
from water, this spring continued active, and was only one 
several evidences that underground flow water was sealed 
the clay bottom only very short distance below the point reached 
the excavation. would not surprising find, when the filters 
are emptied, that cracks, admitting considerable unfiltered water, exist 
along these lines, and that time they may become very troublesome. 

The writer questions the advisability the change Mr. Hazen’s 
plans, from vertical wall brick slope covering concrete 
faced with brick. The embankment material especially subject 
upheaval frost, the angle slope and the reduced thickness the 
concrete, while economizes cost somewhat, seems the writer 
with the loss stability. 

may interesting note the writer’s experience endeavoring 
have brick proper quality selected for use under the original 
contract. Mr. Hazen’s specifications required the use ‘‘of the best 
quality hard-burned brick, burned entirely through and uniform 
shape and size.” The contractor purchased and brought upon the 
ground brick quality which the writer refused accept for the 
pumping station structure, and would not consider all for the 
filters. condemned the brick, and the matter was appealed the 
Water Commissioners, and the writer the Consulting Engineer, 
Mr. Hazen, who declined pass upon the matter not connected 
with his duties. this condition matters remained until Mr. Hering 
was called in. once sustained the writer, and the brick were 
rejected.. The writer, believing all times that vitrified brick with 
small percentage absorption should used, least for the facing 
the walls exposed the action frost the fluctuation the 
water the filters, insisted upon their purchase and use. This was 
opposed some the Water Commissioners, and consent their 
use could not first obtained. The writer then personally visited 
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the yards manufacturing the best hard brick Haverstraw, obtained Mr. Haring. 


samples their brick and submitted them absorption tests; but 
finding such proof unavailing, sent the samples, with one the 
inspectors employed the work, ice plant where they were 
submitted alternate freezing and thawing. These samples were 
then submitted the Commissioners, and, the proof being then 
longer disputed, the writer was ordered purchase vitrified 
brick for the facing the exposed walls, and the best obtainable hard 
brick for the interior the walls. This was done, and all the brick 
required for the completion the work was delivered upon the ground 
under the first contract. 

During all the writer’s operations Nyack, the author was his 
assistant, and the writer desires bear testimony his painstaking 
efforts bring difficult problem (for has had many obstacles 


contend with, both and out his profession) successful con- 
clusion. 


which the difficulties encountered making the excavations for these 
filters were overcome interesting and instructive. The method 
construction, however, was quite costly, the amount chargeable the 
excavation, sheet piling, foundation piles and other earth work, being 
the rate about $30 500 per acre filter surface, out the total 
cost $46 700 per acre for the filters complete. 

the fall 1895 the writer visited the sewerage works Newport, 
Isle Wight, which were then construction under the direction 
Baldwin Latham, Inst. One the works was covered 
precipitation reservoir, about ft. inside, divided longitud- 
inal walls into three basins each ft. wide. The conditions were 
somewhat similar those Nyack, the soil being slippery clay 
with strong tendency slide and cave, the ground-water level being 
several feet above the bottom the reservoir. 

The method there successfully adopted was first build the side- 
walls, wide footings, sheeted trenches. After their completion 
the interior was excavated, the concrete bottom and the partition 
walls and posts for supporting the roof built upon it. 

description the method used building the dome over the 
filtered water reservoir Nyack would much interest. little 
reservoir, somewhat similar that Nyack, was built last summer 
forthe Tome Institute, Port Deposit, Md., under the writer’s super- 
vision. This reservoir was circular plan, ft. internal diameter, 
and had capacity 5000 galls. The side-walls and bottom the 
reservoir were Portland cement concrete ins. thick, and the aver- 
age thickness the dome, which had rise ft., was about ins. 
Sheets 3-in., diamond, expanded metal were built the 
walls, bottom and dome the concrete was place. The dome 
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was turned mound earth, built upon platform erected inside 
the reservoir, and tamped and trimmed the proper shape. The 
earth mound was covered with heavy building paper before laying the 
concrete. When the centering was removed the dome was found 
perfect form and smooth the interior surface, thus justifying the 
methods used. The total cost was about $250. 


enlightened why necessary locate this filter 
below high water, and thus require deep excavation swampy 
ground, which difficulties might have been expected 
encountered? Why was not the filter placed great deal higher, and 
small centrifugal pump used deliver the river water the 

the absence information reason the contrary, would 
appear that placing the filter above high water would have been 
far the better arrangement. large amount money would have 
been saved the construction, and the cost pumping would not 
have been affected, because the head between the filter and the village 
would have been reduced the height the filter above the 
ordinary stage the river. 


Morris Assoc. Am. Soc. E.—Mr. Kaufman’s 
remarks about the advantage using centrifugal pump bring 
mind occasion the use such pump for somewhat oppo- 
site purpose, that pumping water off the surface the 
filter. 

The author does not state the reason for placing the filter with 
the water level below that the river, but several instances has 
been done for the purpose saving the continuous maintenance cost 
pumping. 

probably well known, the filter Lawrence, Mass., placed 
such manner that the river water flows gravity, and, thus 
far its history, there has been only one period when this has not been 
possible. This was during the cold weather when, 
for some unusual cause, accompanying long continuous dry weather, 
like holding the water back some the storage reservoirs mill 
ponds above, the river was low that was not send 
enough water the filter supply the city’s use. 

Two centrifugal pumps (8-in. and 6-in.), were secured, hurriedly 
placed position, and used for period about ten days, after 
which the water level arose, and ever since has been sufficiently high. 
The 6-in. pump was then returned. 

about this time was thought advisable test the usefulness 
such pumps for removing the water from the surface the filter, 
when desiring draw down prior scraping. When the filter 
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clogged the surface and needs cleaning, much time has been wasted, 
after shutting off the inlet water, and before the water has drained down 
into the body the sand and the surface dry enough work upon. 
The 8-in. pump, therefore, was equipped with double suction and 
discharge, together with suitable valves, that water could drawn 
from the river from the surface the filter and discharged either 
the filter the river, might desired. 

When used aid draining the filter the advantage mani- 
fest and the saving time great, that the wonder that was not 
put into practice before. Thus the pump has two uses, one case 
emergency, and the other, originally secondary, but now the regular 


one, whenever scraping necessary; and the investment has provena 
profitable one. 
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FILTRATION WATER FOR PUBLIC USE. 


Informal Discussion the Annual Convention, July and 5th. 
1900.* 


FOR 


The several Processes now used for the Removal 
Matter; their Comparative Sanitary Effect, Cost and Reliability.” 


Gustav Esq. (by will always 
importance for public water supplies, there will always cases 
where surface water must used and, consequently, filtration resorted 
to. 

The chief point public water supply is, that healthful water 
supplied. 

From scientific point view any surface water may 
suspected, but practical conditions must also regarded. That the 
efficiency sand filtration proved seems beyond doubt, the 
state health all the large towns excellent, wherever surface 
water filtered through sand beds supplied. That epidemic diseases 
have been originated spread through the use filtered surface 
water, has not been proved any one case. 


The previous discussion this subject, for which formal paper was 
was printed Transactions, Vol. xliv. 399. The discussion continued this 
number Proceedings, order that the views expressed may brought before 
the Society for further discussion. 

Chief Engineer, Water Works Company, Brunn, Austria. 
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Whether sand filtration so-called mechanical filtration Mr. 


used may decided every special case. Each filter plant 
special case and has treated such how best operated has 
found out practice. 

The general rules for filtration are now well known, they have been 
found out empirically, and are matter experience and practice. 
There have been essential alterations made design operation 
since the time filters were first introduced for public water supply. 
thicker layer sand uniform size could advantageous, but 
the thickness from ft. ins. ft., mostly used now, quite 
sufficient—the size and quality the sand has considered 
determining the thickness the layer. 

For many reasons, the rate filtration should not too quick. 
The medium speed can taken ins. descent water per hour, 
and this might safely extended ins. without injury the filter, 

The so-called regulating chambers—the means show how much 
water passes through each filter—constitute the chief feature which 
recent years has been introduced into filtration. Uniformity 
filtration, without quick changes, certainly main and important 
point the filtering process. 

Whether open covered filter beds are used point which 
need only governed the climate the locality where they are 
used. places where strong and long-continued frosts are the 
rule, the writer would recommend only covered filtered beds. 
covered filter beds the growth considerably less, and, con- 
sequently, those months when are most prevalent, covered 
filters work, under the same conditions, for longer period than open 
ones. 

Bacteriology has been introduced the latest feature filtration. 
many, the bacteriological test the water deemed the utmost 
importance, and supposed give clear insight into the working 
the filters but already there are opponents this view, although, 
for some reasons, they will not come forward. Anyone having practised 
the bacteriological examination water, must have come the con- 
clusion that there are still many deficiencies. The writer will not dis- 
pute that the bacteriological test may used some way general 
guide filtration. 

Can assumed that the microbes are uniformly spread 
large body water, that very small portion cu. cm. can 
taken undoubted proof for the whole quantity, often millions 
times larger than the portion used for the test? one has made 
bacteriological tests daily for years and finds each time only few 
different species, can one then come the conclusion that water 
which contains more than the prescribed number 100 the 
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taining greater number bacteria really injurious health, and, 
contrariwise, water containing but few, absolutely healthful 
What the manager filter plant there are any time 
more bacteria found the water than allowed? Will any the 
wiser when the water let off and the surface the filter inspected 
The writer thinks not. may more mischief changing his rate 
filtration, when suddenly disconnects one more his filters. 
nobody’s power control the number bacteria passing 
through filter. may content and happy when there are but 
few the water, but when they are great numbers will 
most times useless try find out where they came from. 

the writer’s experience bacteriological researches has tried 
discover rules, but, soon thought had them. 
they were upset. Often, one finds fewer bacteria with quicker than 
with slower rate filtration, the conditions the filters being uni- 
form. Even the rule that the first product newly charged filter 
contains greater number bacteria, does not hold good, e., not 
such way that one might say the exception proves the rule. 
operate filter well, much depends experience, experience has 
mostly the teacher. guided only the bacteriological test 
one might filter with much greater velocity than ins. per hour and 
still have good bacteriological result. However, most places 
experience will have taught filter medium speed. 

Concerning the cost filtration, would certainly interesting 
have from different places, but useless give it, long 


certain uniformity. 


Esq.* (by letter).—Whichever system filtration 
used Moscow, the problem ozonization water also 
being studied, because this process may used supplement fil- 
tration. Although many very useful and valuable investigations have 
been made America the line water filtration, yet greater im- 
provement can still made, good methods for the aeration filtered 
water ozonized air are elaborated and used. During number 
years scientific investigations have been made Europe that direction, 
which are giving remarkable results. The water wholly freed from 
bacteria, acquires agreeable taste, and becomes less favorable for the 
further growth bacteria. 


far, study this problem has been made the following 
places: 


the year 1891, the initiative Messrs. Siemens and Halske, 
investigations were made Berlin Dr. Ohlmueller, who demonstrated 
the ability ozone completely free the water from bacteria, and 


Chief Engineer the Moscow Water-Works. 
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expressed the desire that engineers would work out appropriate devices Mr. Simin. 
for this method ozonization.* 

the year 1895, Dr. Van Ermengem, Professor the University 
Gand, made investigations water purification ozone Ouds- 
hoorn, Holland, for the Minister Agriculture and Industries 
Belgium, and also obtained good Afterward, continued his 
investigations, the International Exposition Brussels, with devices 
Tindal, the same which had been used Oudshoorn. 

the years 1898 and 1899, the City Lille, France, devices 
Marmier and Abraham for the ozonization quantities 
cu. per hour, were placed the city water-works, and investiga- 
tions were made special commission. Dr. Calmette, member 
that commission, reported the excellent results obtained.|| the 
year 1895, these devices were shown the Hygienic Exposition Paris, 
where water was purified the rate per hour. The Commission 
Lille reeommended the ozonization water for the entire supply 
that city. present, Dr. Calmette experimenting the Pasteur 
Institute, Lille, devices the same kind designed for 
cu. water per hour. 

the year 1899, Dr. Th. Weyl made investigations. Martini- 
kenfeld, near with devices Messrs. Siemens and Halske, for 
the ozonization water, and closed his report with statement urging 

that each city which obliged use surface water for its domestic 

supply, should study the question ozonization before resolving 
adopt the expensive and not fully perfected English system -water 
filtration. 

present, investigations are being continued the ozonization 
plant Siemens and Halske, Martinikenfeld. River water filtered 
there mechanical pressure filter and afterward treated ozonized 
air, the analyses being made before and after the ozonization. 

America, investigation the ozonization water was made 

last year Columbia University, New York, Dr. George Soper, 
but the experiments appear have been made very small 


Vv we 


The writer thinks that the great fundamental significance this 
question relation city water supplies demonstrated. this 
process destroys all bacteria present the water, finally solves the 
task which filtration alone does not. The only subject remaining the 
technical and practical side the process, worked out sanitary 
engineers. the present time the question has been studied only 
doctors, who have demonstrated the scientific importance and sig- 


Arbeiten aus dem Kaiserlichen Gesundheitsamte, Band VIII, 229, 
Annales Institut Pasteur, Sept., 1895, 673. 
order ozonize water, air must first ozonized, with which water afterward 
ated. 
Centralblatt 


Abteilung, Band No. Juli, 1899. 


Engineering News, Nos. and 16, 1899. Engineering Magazine, Dec., 1899. 
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nificance the process, and have given data, indicating that also 
economical possibility use the process large scale. 

addition the investigations the problem filtration already 
made American water-works, would seem very important the 
writer like attention were given the aeration water means 
ozonized air, which could done after the water has been filtered, and 
would present complete and final solution the purification water 
from open sources destined for city water supplies. 
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will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


EDWARD ARNOLD CORREA, Am. E.* 
Diep 1900. 


Edward Arnold Correa, only son Gabriel and Sarah Woods 
Correa, was born the Island St. Thomas, Danish West Indies, 
November 7th, 1855. 

His father was gentleman culture, with marked musical taste, 
and, having had the benefit European education and extensive 


travel, was linguist mean ability, speaking five six languages 
fluently. 


Mr. Correa’s mother was English parentage, her father having 
graduated Oxford College. was planter, owning estates St. 
Croix, Danish West Indies, which were quite valuable until the emanci- 
pation the slaves the Danish Government and subsequent dis- 
order destroyed their value. 

When but seven years old Mr. Correa’s father died, and his mother, 
considerably reduced fortune, came with her young son and daughter 
the United States, locating Brooklyn, Y., where the subject 
this memoir attended the public schools until his fifteenth year. This 
was practically all schooling received, his mother then re- 
moved Iowa; but had already earned the reputation being 
bright pupil and voracious reader. was employed bookstore 
Mt. Pleasant, Iowa, for few years, and, continuing his studious 
habits, improved his mind reading the best books. 

entered the offices the Chicago, Burlington and Quincy Railroad 
1879, without preliminary training, and, close application and 
study, advanced rapidly his chosen profession, being all times 
noted for the careful, painstaking manner which did any work en- 
trusted him. was repeatedly employed men under whom 
had served before, and his going Mexico was due the offer 
situation former employers. 

remained with the Chicago, Burlington and Quincy Railroad 
until 1881, serving Rodman, Topographer, etc. 1881 was 


Topographer and Leveler the Utah and Northern Branch the 
Union Pacific Railroad. 


Memoir prepared the Secretary, from file, and from information 
Lewis Kingman, Am. Soc. E.; Norton, Am. E., and Mrs, 
Jones, 
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1882 commenced work for the Atchison, Topeka and Santa 
Railroad Company, and, with the exception one two short 
intervals, remained with that company until 1888. During these 
years served Leveler and.Topographer surveys, Division 
Engineer construction and Assistant Engineer the Building and 
Water-Supply Departments. 

1889 served Transitman the location, and Division 
Engineer the construction, the Fort Worth and Rio Grande Rail- 
way, from Granville Stephenville, Texas. 

1890 and 1891 became Locating Engineer and Assistant Engi- 
neer charge the construction the Mexican Pacific Railroad, 
proposed transcontinental line from Tonala Frontera. During this 
period made reconnoissance line from Alvarado San 
Andres Tuxtla, Vera Cruz, Mexico, and located kilometers that 
line. 

From April December, 1891, was one the Assistant Engi- 
neers the Tampico Harbor Works, under Wrotnowski, Am. 

During 1892 and 1893 was Locating and Resident Engineer 
the Mexican National Railroad across the Isthmus Tehuantepec. 
reference this piece work the following quoted from 
letter from the Chief Engineer that road, and found among Mr. 
effects: 

wish express you appreciation, not only the thor- 
oughly conscientious work you have done for me, but also your 
ability Engineer. You have had charge the location this 
line from the Sarabia the Jumuapa Rivers, which consider far 


our most difficult piece work. Owing the configuration the 
country, Ship’s Pass being the only point which you could cross the 


range between these two rivers; get line from the Sarabia, 


and from the river Jumuapa again and not carry long supported 
grades; avoid rock cuts, which would not only have been nearly 
impossible but impfacticable, from their cost, and get line you 
have, both with such good alignment and cheap, has, think, 
been the greatest engineering feat accomplished here the Isth- 
mus, and well shows your ability. For your prompt attention 
all instructions, for your earnest manner performing your duties, 
allow thank you. Wishing you every success your pro- 
fession, and that you may reap those rewards which you richly 
deserve, remain, 
very respectfully, 

Burton, Ch. Eng. and Gen. Manager. 

February 4th, 1893.” 


During 1894 and 1895 Mr. Correa was engaged private practice 
Mexico, various classes work. 

July, 1895, became Assistant Engineer the Mexican Central 
Railroad, under Lewis Kingman, Am. Soc. was engaged 
reconnoissance and reports lines various parts 
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Mexico until about July, 1897. was then engaged location, and 
had charge various pieces construction. became Division 
Engineer Aguas Calientes charge Yards and Shops plant. 

Shortly after this, Mr. Correa was sent Parral, Chihuahua, 
where was engaged supervising the construction branch 
the Mexican Central Railroad. was employed upon this work 
the time his death, which occurred camp, June 24th, 1900, 
after illness day two. 

Mr. Correa was elected Member the American Society Civil 
Engineers March 7th, 1900. 

never married, but supported his mother the time her 
death, September 1898, and was fulfillment her expressed 
wish that sought membership this Society. 

Mr. Correa was man utterly incapable mean dishonest 
action, and, unostentatious way, one the most charitable. 
was true friend, and was sincerity personified all his dealings with 
hisfellowmen. was the time his death one the ablest rail- 
road engineers Mexico. was indefatigable worker and was 
conscientious fault. His ideals were high, and his ambition was 
anything which set his hand, not well, but better, than 
others could it. 

his death the Society has lost useful and honored member, and 
one who was universally respected, even his 
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WILLIAM GIDDINGS CURTIS, Am. Soc. E.* 


Diep June 1900. 


Like many other natives Connecticut, the subject this memoir 
was good colonial stock, tracing his lineage back hundreds years 
Essex County, England. The descendants William Curtis, his 
ancestor, who came the colonies the ship Lion, 1632, took 
prominent part the colonial life, and, when the final separation from 
the old country came, several the Curtises figured the great 
struggle for independence. 

Mr. Curtis was born Bridgeport, August 19th, 1849. 

the age fifteen, removed with his parents San Diego 
Cal., thereby doubtless changing the whole trend his life and 
fortunes. 

that period, there was ready market the Pacific Coast for 
probity and ability, even the very young, and, but year later, 
1865, Mr. Curtis obtained employment with the Central Pacific Rail- 
road Company, and began career success more marked than 
deserved, and whose achievements only terminated with his life. 

Most engineers commence the practice their profession after 
more less complete course study, but Mr. Curtis, beginning 
rodman the age sixteen, was obliged acquire most its theory 
during such leisure hours were left him from active duties the 
field and office. passed through nearly the entire period loca- 
tion and construction the Central Pacific Railroad, experience 
which profited him during his whole professional career. 

became successively Assistant Engineer, Resident Engineer, 
Assistant General Superintendent, and Superintendent Track, and 
finally reached the position Assistant General Manager, and 
Engineer, Maintenance Way, the Pacific System the Southern 
Pacific Company, comprising, the time his death, nearly 000 
miles railroad, which position retained during the rest his 
life. 

Owing the total lack timber most their lines rail- 
road, the Southern Pacific Company early turned their attention 
the subject timber preservation, which they have had marked suc- 
cess and have perhaps done more than any other railroad company 
America, not inthe world. The achievements this regard have 
rightfully been largely credited Mr. Curtis, under whose able direc- 
tion the work progressed until, the present time, practically all the 
timber and ties used about the roadway, excepting redwood, are 


Memoir prepared John Isaacs and Virgil Bogue, Members, Am. Soc. 
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treated with creosote and chloride respectively. Mr. Curtis 
was authority this science, and one more his papers are 
among the best contributions that have appeared this most import- 
ant subject. 

Engineer, Maintenance Way, Mr. Curtis kept himself well 
informed observation, reading and discussion, and was fully 
abreast the times. His enthusiasm, however, was tempered 
that judgment which comes only from experience and attrition 
with men and the duties life. His constant aim was the 
best possible under the conditions and circumstances presented. 

His advice was frequently sought relation the business 
other departments the railroad, and there was scarcely work 
study related the railroads the Southern Pacific Company with 
which did not have more less do, and always with credit and 
success. was one the controlling forces that vast property. 

From boyhood his last day remained faithful and industrious 
the same employ, and fairto say that Mr. Curtis, more than any 
other, was the author the present perfected methods and organiza- 
tion the Maintenance Way Department the Southern Pacific 
Company. His duties covered thousands miles railroad and 
wide range climate, from the tropic heat the Colorado Desert 
the cold winter the Pequod Hills; from the restful scenes 
and orange groves the Los Angeles Valley the deep snows the 
Sierra Nevada and Siskiyou Mountains, from the sunny skies the 
San Joaquin the storms and floods the Soledad and Sacramento 
the cloudbursts the Arizona Plains. There was 
time the year when his presence might not required some 
distant portion the property where inundation snow impeded 
traffic threatened disaster. But was full resources and always 
ready for any emergency, and the process time devised expe- 
dients which have largely lessened the disastrous effects storm and 
flood. 

The busy life led left him little time for recording the results 
his experience, but several occasions prepared papers dealing 
with subjects which had devoted much thought and attention. 
These are most instructive, and models brevity and careful state- 
ment. 

Mr. Curtis had wide range knowledge and accurate, com- 
prehensive memory, which doubtless added his success. was 
said among his associates that never forgot figure. 

June 15th, 1875, Stockton, California, married Mary Eliz- 
abeth Burton. her found fitting helpmeet. Both son and 
husband was exceptional, manifesting his domestic life the 
same disposition which had made him respected and liked 
subordinates and associates. For all about him had ever genial 
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smile; for the ambitious, word encouragement, and for the unfor- 
tunate, oneof sympathy. never forgot the social side life, and 
even wearisome business trip, was wont entertain his com- 
panions with enlivening repartee and anecdote, when affair 
moment was under consideration. 

Mr. Curtis was not only engineer and manager rare judgment, 
but also clever man affairs, outside technical matters. His 
assistance and advice were often sought other enterprises and 
organizations. 

Two years before his death his health began break, but with the 
tenacity purpose and loyalty his employers which had character- 
ized his long period service, gave his best until compelled 
seek complete change and rest. The end came Highland Springs, 
California, the twenty-fifth anniversary his marriage, 1900. 

His loss, great has been the corporation with which was 
prominently identified, was not alone public one. was also 
distinctly private loss, and those intimately associated with him can 
only recall him with the poignant regret caused the departure 
one possessing all the traits kindly gentleman, well-balanced 
citizen and true friend. 

Mr. Curtis was elected Member the American Society Civil 
Engineers May 3d, 1882, and served asa Director from January 15th, 
1890, January 21st, 1891. the time his death was Second 
Vice-President the American Railway Engineering and Maintenance 
Way Association. was also member the Geographical 
Society California; the San Francisco Microscopical Society; 
the Technical Society the Pacific Coast; and the Bohemian Club 

San Francisco. the two latter societies was formerly 
Director. all these gave the same careful, precise attention 
which gave his railroad duties. 
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RANDELL HUNT, Am. Soe. E.* 


1898. 


Randell Hunt was born New Orleans, October 30th, 1856. 
was graduated Yale with degrees engineering and philosophy. 
After leaving college, his first practical experience was gained connec- 
tion with the New York Public Parks. 

1878 established office Dakota, and himself 
thoroughly with the principal engineering works the then very active 
and prosperous West. specialty, devoted himself bridge 
structures and foundations, and all through his professional career these 
were the particular branches which excelled and with which his 
name became prominently connected. Until 1883 remained Dakota, 
with the exception period 1879, when, hydraulic engineer, 
was attached the Mississippi River Commission, the investigations 
that great waterway. 

From 1883 until 1888 was located St. Paul, Minn., and employed 
constructing engineer the Chicago, Burlington and Northwestern 
Railway. had charge the bridgework, and, under his direct 
supervision, the noted Chippewa River Bridge was built. 

1888 went San Francisco and began general engineering 
practice the line his specialty. Many the bridges this State 
were designed him and built under his direction. 1889 
was made the Engineering Expert the contracting firm Antonelle 
Doe, and his name became very prominent the controversy regard- 
ing the concrete foundations for the extensive State work the sea wall 
the foot Market Street, San Francisco, which caused considerable 
interest the time, contending that the system sinking the wall 
means open floating caissons possessed innumerable advantages 
over the method constructing coffer-dams for this work. devised 
means for efficient and rapid execution this direction, and defended 
his position ably that converted the authorities his ideas. The 
Harbor Commissioners finally permitted the use this system, and the 
work was successfully carried out. The total length the wall 
constructed aggregated 450 ft.; seven caissons were used, six them 
ft. long and one ft. were sunk depths from ft. low 
water stage ft. high water. Only one set sides and ends was 
used for the six large caissons. The sides and ends were attachable and 
detachable and from the grillage forming the bottom the structure. 
These designs were very interesting, and all through this extensive work 


Memoir prepared Otto Von Geldern, Am. Soc. 


. 
| 
7 
i 
! 
q 
1 
of 
a 
7 
{ 
7 
4 
| 
q 
| 


176 MEMOIR RANDELL HUNT. 


this method operation gave great satisfaction, for mishap any 
serious consequence occurred. 

With Mr. Hunt, engineering was more than the mere means mak- 
ing livelihood. With inborn love for his profession, gave 
every case before him careful and deliberate study; and advocated 
his designs and upheld them with all the vigor his energetic character, 
was because was led honest conviction that contended for 
that which knew right, and that nothing should influence him 
swerve from the path which had laid out. 

1890 the firm Doe Hunt, engineering contractors, was estab- 
lished, and carried successful business for number years. 
Here, Mr. Hunt displayed great energy and activity, and the results 
his labor are manifest to-day great variety existing public works. 
His last work under the name the firm was the very important con- 
struction the headworks and canal the Turlock District. 
This extensive engineering operation would have been carried 
cessful completion him had not been for the suspension all irri- 
gation enterprises, reason legal and financial difficulties which 
threatened disaster almost every irrigation district California, the 
problem recovery therefrom not having been solved this day. 

1897 Mr. Hunt’s services were engaged the Commission 
which had been charged the Government decide the respec- 
tive merits Santa Monica and San Pedro Harbors for deep-water 
improvement and shelter vessels. Here became the expert the 
work making borings two localities, order establish the com- 
position the materials the respective harbor bottoms. Although 
then suffering from malady which proved incurable, and being very ill 
the time, carried out this trying work the end, season when 
the conditions the weather made severe test for man health 
have been constantly attendance was. 

This indomitable energy, carry out whatever had undertaken, 
was one the principal characteristics his nature. Physical indis- 
position could not incapacitate him. long could about 
performed his full share the work—and this did the very 
his useful life. 

Socially, was the most estimable men. His early training 
and education had opened his mind all the ennobling influences 
culture and art, and, while devoted himself the advancement 
his profession, never lost sight the many other elements that make 
human progress. Classic literature and the literature the day 
were known him few others, and delighted converse 
these subjects with those about him who enjoyed his more intimate ac- 
quaintance. was most genial companion, alive every interest, 
kind hearted, devoted his family and friends, and always ready 
assist others giving aid and advice. 
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His father, the Hon. William Hunt, was very prominent man 
his day. Under the administration President Garfield was 
Secretary the Navy; after Garfield’s death was sent Russia 
Ambassador represent the United States. died St. Petersburg 
1885, full honors and mourned two great nations. 

Randell Hunt the American Society has lost one its most prom- 
inent members. will remembered, not only engineer 
high quality, but man many virtues and broad principles, who 
made the maxim his life maintain fearlessly honest conviction 
under all 

died January 24th, 1898, after lingering illness several weeks. 


Mr. Hunt was elected member the American Society Civil 
Engineers, May 2d, 1883. 
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Niles Meriwether was born Christian County, Ky., January 
26th, 1830, parents who came old Virginia stock, and who had 
gone Kentucky the early part the century. 

the age eighteen, both his parents being dead, entered the 
engineering field, taking position rodman the Nashville and 
Chattanooga Railroad, then process location. remained 
this railroad, various positions, for five years. 

1853, became First Assistant Engineer the Mississippi and 
Tennessee Railroad (now branch the Illinois Central Railroad), his 
brother, Minor Meriwether, being Chief Engineer. 1857, his 
brother resigned, and Niles became Chief Engineer, which position 
held until 1862, when the occupation Memphis the Union Army 
made further railroad work impossible. 

1865, this road being practically destroyed the contending 
armies, interested himself securing the means rebuild it, 
which was successful. 

1868, became Chief Engineer the Memphis and Charleston 
Railroad (now part the Southern System), and held that position 
for eight years, during which time built the Middleton and Ripley 
Branch and extended the Tullahma and McMinnville Branch Jasper, 
Tenn. constructed most the important bridges this line 
which had been much injured during the war. 

1875, Chief Engineer, took charge the consolidated roads 
fermerly known the Southern and Mississippi Central, and extend- 
ing from New Orleans Cairo, Ill. 

1877 began the construction the Natchez and Jackson Rail- 
road, from Natchez Jackson, Miss., but the yellow fever epidemic 
1878 depleted the finances that country that the following 
winter the construction was suspended. 

February, 1879, Major Meriwether accepted the position City 
Engineer Memphis, and held this office for fourteen years, during 
which time did more than any other man restore almost ruined 
city its present prosperous condition. 

March, 1897, took charge the construction branch 
the Mobile and Ohio Railroad, running from Montgomery, Ala., 
Columbus, Miss., and completed the line May, 1899. His last work 
was Superintending Engineer Elmwood Cemetery, Memphis, 
which occupied his time until two weeks previous his death. 


Memoir prepared Mrs. Betts, Memphis, Tenn. 
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fifty-two years active work Major Meriwether was 


frequently called act arbitrator consulting engineer 


many important pieces engineering work all over the South. 

was elected Member the American Society Civil Engi- 
neers November Ist, 1871, and, the time his death was Presi- 
dent The Engineering Association the South. 

1855 married Miss Lide Parker Smith, Accomac Co., Va., 
and their union forty-five years was rarely happy one. His wife 
and two daughters, Dr. Lucy Davies, New York, and Mrs. 
Betts, Memphis, survive him and cherish his memory. 
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MARC JOHN REISEGER, Am. E.* 


May 1900. 


Mare Reiseger was born October 31st, 1861, near Groningen, The 
Netherlands, where attended the public schools, going from the 
high school there college Delft. After concluding his college 
career, entered the employ the Government Engineer Charge 
Railroad Bridges, the railroads that country being owned the 
Government. 

May 1887, Mr. Reiseger left his native land United 
States. For atime worked common laborer the County 
Court House Cheboygan, Mich., his object being acquire knowl- 
edge American architecture, etc. next went Grand Rapids, 
Mich., and entered the office architect there. 1888 
left Grand Rapids for Muskegon, Mich., where had been offered 


similar position, which suBsequently resigned for the purpose 


opening office for himself the same city. The business was em- 
inently satisfactory. Among the more prominent buildings designed 
him and erected under his supervision are the North Muskegon 
School House, the Fox Cracker Factory and the Chase Piano Factory. 


April, 1890, took his residence Greenville, Mich., 


the intention engaging manufacturing there, but 1891 re- 
turned Muskegon. 1893 entered the United States Engineer- 
ing Office Grand Rapids, and 1894 secured position with 
Keepers and Thatcher Wynkoop, better known the Detroit Bridge 
and Iron Works Detroit, Mich., which firm subsequently became 
Keepers and Thatcher. While their employ was Engineer 
charge bridges built Albion and Tecumseh, Mich., and Pater- 
son, was also the Company’s office Little 
Rock, Ark., which occasion prepared the plans for the bridge 
erected them Topeka. April, 1899, Mr. Reiseger returned 
Grand Rapids, and organized the Grand Rapids Bridge Company, 
which became President and General Manager its incorporation, 
January 1900. addition many smaller bridges, the Grand 
Rapids Bridge Company built the metal-concrete bridge Battle Creek, 
Mich. 

Mr. Reiseger was elected Member the American Society Civil 
Engineers December 7th, 1898. 
Early 1900 Mr. Reiseger’s health began fail, result too 
close application business, and May 26th, 1900, died his res- 
idence, 241 North Prospect Grand Rapids, Mich., 
sis-meningitis. 


Memoir prepared Paul van Deinse, Esq. 
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WILLIAM HOWARD WHITE, Am. Soe. E.* 


Diep 1895. 


William Howard White was born Watertown, Mass., February 
1847. was the son William Abijah and Harriet Tilden 
Sturgis White. His father’s sister, Maria, was the first wife James 
Russell Lowell. Mr. White’s father and mother died when was 
little boy, and was taken into the family and brought Mrs. 
Francis George Shaw, his mother’s sister. 

July, 1865, Mr. White was graduated from the Lawrence Scientific 
School, Harvard University, the course civil engineering (magna 
cum laude), and then commenced practice civil engineer, which 
profession distinguished himself with great honor. 

His first engineering work was connection with the sewerage 
New York City, from August 9th, 1865, January 10th, 1867. then 
became engineer charge the construction seven miles the Sul- 
livan and Erie Railroad, Pennsylvania, until March 14th, 1868. 
From May 13th, 1868, March 31st, 1870, was Assistant Engi- 
neer the Burlington and Missouri River Railroad. From 1870 1873, 
original survey San Pedro Harbor. The following year spent 
Europe, studying foreign engineering and languages. 
Mr. White afterward became Chief Engineer the New York and 
New England Railroad System, covering about 450 miles. During 
1879-1883 was Assistant Chief Engineer the Chicago, Burlington 
and Quincy Railroad, having charge all the engineering work the 
Iowa lines, embracing some 900 miles. 
the end this period Mr. White again went Europe, where 
spent two years studying foreign sanitary engineering and appliances. 
For seven years following 1885 was Consulting Engineer New 
York City with branch office Chicago. Some the clients whom 
was consulted were Messrs. Brown Brothers Company, New 
York; Carey Whitridge, attorneys for English investment company, 
and Messrs. Morton, Bliss Company, New York. the strength 
reports made him the Pillsbury Washburn Mills, Minne- 
apolis, having aggregate capacity 20000 bbls. flour per day, 
were purchased, and action taken properties Kentucky aggregating 
000 000 value. 

Mr. White was elected Member the American Society Civil 
Engineers March 5th, 1873, and served Director for the year 1886. 

1878 Mr. White was married Margaret Howard Parker, New 
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York City, and the fall 1892 they went Redlands, Cal., from 
South Orange, J., with their three children, seeking milder climate 
for the benefit Mr. White’s failing health. Some months previous 
this Mr. White had visited Redlands and purchased acres orange 
lands, and here built home. 

was man great intellectual force, and always prominently 
identified himself with the best interests the community which 
resided. died Redlands, December 11th, 1895. 

His last professional work was the giving expert testimony, from 
the bed from which never was arise, before Commission, 
appointed for the purpose the Superior Court, suit involving 
important questions water development near Redlands. 

Mr. White presented several valuable papers before the Society, and 
was frequent contributor the discussions. 
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JOSEPH RUGGLES RICHARDS, Assoc. Am. Soc. E.* 


SEPTEMBER 28TH, 1900. 


Joseph Ruggles Richards, oldest child Wyatt Richards (born 
Hardwick, Mass., March 8th, 1802, died Boston, February 9th, 1872), 
and Sarah Page Ruggles (born Roxbury, Mass., June 9th, 1796, mar- 
ried April 5th, 1827, died Boston, March 17th, 1878), was born 
Myrtle St., Boston, February 18th, 1828. 

obtained his education the public schools Boston, passing 
through the various grades the Mayhew School, Chardon St., and, 
finally, being graduated from the English High School the year 1845, 
winning one the six Franklin Medals for scholarship. was espe- 
cially good mathematics, taste which followed him all through his 
professional life; nothing pleasing him more than work truss 
difficult problem construction, figure out the dimension figures 
set plans, working for hour time find the missing 
inch tie column figures. had finished, one was sure the 
figures were correct. His natural taste for drawing shown the 
many drawings made when boy. 

His expense accounts, carefully kept from youth up, bear witness 
his businesslike methods. 

Under the date October 6th, 1845, records: 


Richards, this day entered the office Mr. Gridley 
Bryant, Court Street (Boston), for the purpose serving appren- 
ticeship under him the Architectural profession. Seventeen years old 
the 18th day February, 1845.” 


the end the first year began receive regular pay, ever 
increasing amounts the half years went by, turning also many 
honest penny over work, writing, translating French, and odd work 
his own account. 

The many embryo architects who worked with Mr. 
Bryant, then one the most active and influential architects the 
country, will bear witness Mr. Richards’ faithfulness and ability, 
and tell with admiration the amount work could throw off.” 

The systematic time cards diaries kept show where each hour 
was spent; and the number and variety the works undertook 
remarkable. 

January Ist, 1853, opened office his own account 
Court St., corner Tremont St., Boston, building famous from the 


names Washington and Lafayette associated with it, and famous later 
for having Daniel Webster tenant. 


Memoir prepared William Richards, Esq., Boston, Mass. 
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July, 1865, the firm Richards and Park was formed 


admission William Park, his brother-in-law. The firm was dis- 
solved 1872, Mr. Richards continuing the business alone. 

October 1880, admitted his son William Richards into 
partnership with himself, ending only with his death September 
28th, 1900. 

His list clients contains the names many honored people, and 
his work, though principally confined the neighboring States, 
extended New York, Pennsylvania, Louisiana, Alabama, California, 
Wisconsin, Kansas, Florida and Minnesota. 

The City Boston early employed him, and for number years 
designed for engine-houses, armories, stables and other 
structures. 

The State Massachusetts also appears early, client, and 
intervals recent date. one time made plans for work 
the State House, and another was one the Commissioners 
extensive alterations it, executed for them Mr. Bryant. 

The State Capitol Montpelier, Vt., was erected under his super- 
vision, the drawings another architect being handed him carry 
out and finish, and 1885-86 designed and executed annex 
this building for the Supreme Court and State Library. 

Harvard, Amherst Agricultural, Dartmouth, Williams and Hamilton 
Colleges, also Baker University, Kansas, appear his books; and 
erected buildings for them. 

The cities Cambridge, Brookline, Lowell, Woburn, Blackstone, 
Mass., and Kenosha, Wis., employed him schools and various public 
works. 

The counties Suffolk and Franklin each had their Court Houses 
enlarged and remodelled him. 

stone church Greenfield and brick church Taunton show 
his ability, also brick and stone libraries West Brookfield, Green- 
field, Sudbury (the latter again enlarged 1894), the Waverly House, 
Charlestown, and the Crawford House, Boston. 

Numerous large stores and business blocks, and town, city and 
summer houses Boston and neighboring towns were planned and 
carried out him. 

Among his more recent and larger works are the and 
apartment houses Cambridge, White” apartment 
house, Commonwealth Ave., Boston, Five Cents Savings Bank Building 
Woburn, Royal Arcanum Building, Boston, and Colored Odd Fel- 
lows’ Building, Boston. 

Throughout his entire practice had been his custom lay out and 
most the important office and outside work himself; his draughts- 
men, consequence, few number, doing what could not accom- 
plish the busy days. 


Memoirs. MEMOIR JOSEPH RUGGLES RICHARDS. 185 


him The American Architect and Building News speaks, one: 


Whose unfailing courtesy and interest artistic matters had made 
him for many years favorite the profession. Although his works 
belong rather the last generation than this, carried out his 
days very many mercantile and other buildings, characterized 


quiet good taste which was then perhaps the best quality that such 
architecture could show.” 


Outdoor sketching pencil and water color was constant pleasure 
him, and his leisure moments the office were often taken 
working with his brush. large collection pictures and studies 
give evidence remarkable taste and talent for water-color 
painting. 

the years passed gradually left more and more the office 
work and outside duties the younger partner, fail, except 
when sickness prevented, and that rarely, would come the office and 
attend his duties. 

the close office hours, except for rare occasions, home was the 
next object view, and, arrived there, would again rare occasion, 
time went by, for him spend the evening away, though was 
peculiarly sociable his temperament and enjoyed the company his 
friends. Masonic cares occupied his time early his career, but 
gradually dropped the active cares and attendance meetings. 
was admitted Amicable Lodge, Cambridgeport, August, 1856; St. 
Paul’s Royal Arch Chapter, 1859, and Boston Commandery, Knights 
Templars, 1860. 

was married Mary Phillips South Natick, Mass., daughter 
Thomas and Clarissa Brackett Phillips, August 27th, 1851, and 
commenced housekeeping Cambridge, where watched the gradual 
building residences, schools and library the acres vacant 
land near him. reach his Boston office, profited the slow 
change from omnibus horse car, and from horse electric car, the 
first horse cars from Cambridge passing his door. The Fitchburg Rail- 
road had branch track almost Harvard Square, now discontinued, 
which used first coming Cambridge. 

His wife and daughter and one two sons survive him. 

executor administrator settled several estates successfully and 
happily. Trustee for the North End Savings Bank for number 


years, rarely lost meeting with his co-trustees, and his advice 


investments real estate was invaluable. 

Though actively interested the political life the town and 
State, and never failing the polls vote, never accepted 
public office. 

May 22d, 1867, attended the first meeting called the archi- 
tects Boston for the purpose forming Society Architects, and 
was elected Fellow Member, which membership 
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kept until his death. was loyal member that Society and 
his fellow architects, was ever ready help them, and his 
fairly regular presence the monthly meetings the Society will 
missed. 

was elected Associate the American Society Civil Engi- 
neers February 4th, 1880, and, though distance from New York pre- 
vented him from taking active interest all the meetings, looked 
forward with pleasure the Annual Meetings and Annual Conventions 
which make large part the social life the Society, and, 
could, joined these gatherings. 
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JOHN MONTGOMERY TOUCEY, Am. Soe. E.* 
Diep SEPTEMBER 1898. 


John Montgomery Toucey was born Newtown, Conn., July 
30th, 1829. prepared for Trinity College, but, finding that his 
tastes did not lie the direction the ministry, took the pro- 
fession teaching. After pursuing that profession for two years, 
began railroad work station agent Plymouth, now Thomaston, 
the line the Naugatuck Railroad, then process construction. 

Soon after, was placed charge the construction the rail- 
road between Waterbury and Winsted—heavy freshets having severely 
damaged it—and was highly commended for the rapidity with which 
the work was carried out under his direction. was married 
1851, and secured employment with the Madison and Indianapolis 
Railroad, and, subsequently, freight agent the Morris and 
Essex Railroad. spring 1855 entered the service the 
Hudson River Railroad Company, passenger conductor, and after- 
ward became its agent East Albany. 1862, Samuel Sloan, then 
President the road, appointed him Trainmaster, and well were 
his duties performed that was appointed Assistant Superintendent 
1867. 

the same year resigned, accept the office General Super- 
intendent the Delaware, Lackawanna and Western Railroad, but 
retained the office only two months, was recalled the Hudson 
River Railroad and made its General Superintendent full charge 
the line. continued charge this section the road after 
the consolidation with the New York Central 1869, and 1881 his 
authority was extended over the lines west Albany. February, 
1890, the office General Manager was created for Mr. Toucey, and 
this office held until was abolished, eight years later, after the 
election Mr. Callaway President. month later presented 
his resignation, and was placed the retired list half-pay. 

For forty-three years Mr. Toucey responsible officer the 
New York Central and Hudson River Railroad. was man 


great energy and resolution, his dominant trait being unwearying 


fidelity; and had, particular, the gift managing trains and 
moving passengers and traffic expeditiously and minimum cost. 
was bold assuming responsibility, but had keen desire 
learn what was best the practice others. his personal rela- 
tions with the employees the railroad, was genial and sympa- 
thetic, and the older men the service were strongly attached him 


Memoir prepared the Secretary from papers file the House the Society. 
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account his friendly interest their associations, his unosten- 
tatious charity, and his management the Christmas dinners pro- 
vided for the men. 

The railroads the United States are indebted Mr. Toucey for 
many improvements. was first introduce interlocking switches 
the United States. These were placed the Grand Central Yard. 
The present circular form scoop for taking water for locomotives 
from tank between the tracks his experiments Montrose 
conjunction with Mr. Wm. Buchanan. was Manager the 
Grand Central Station the time the entire system tracks was 
changed that locality, and proposed and urged the abolition the 
crossings grade. 

the World’s Congress Railways, London 1895, 
result the profound impression made Mr. Toucey’s remarks, 
with regard the speed the Empire State Express, several repre- 
sentatives the continental lines have inspected the track the 
New York Central, and have made reports their companies con- 
firming Mr. Toucey’s statements. the Congress Mr. Toucey was 
accorded great respect representative American railroad man. 

Mr. Toucey wrote little besides his personal and official corre- 
spondence, seldom spoke public, and was reluctant appear 
conspicuous positions. His personality, therefore, was known 
comparatively few, save those with whom had business relations. 
had taken little rest from active work since his first engagement 
his boyhood, and suffered from illness for several months before 
his death. 

Mr. Toucey became Fellow the American Society Civil 
Engineers May 17th, 1870. 
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MINUTES MEETINGS. 


THE SOCIETY. 


April 3d, 1901.—The meeting was called order 8.40 
President James Croes the chair; Charles Warren Hunt, Sec- 
and present, also, members and visitors. 


The minutes the meetings March 6th and 20th were approved 
printed Proceedings for March, 1901. 


The Secretary presented the following letter: 


March 25th, 1901. 


New York. 
would respectfully ask that Committee ap- 
pointed investigate and report Standard Rail Sections. 


reasons for asking for this Committee are that rails 
and over are not giving good service. This true all heavy rails 
whether rolled the Sections others. The cause 


the trouble now well known, being due the large mass metal 
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the head carrying the heat much longer than the thin metal 
the flanges, thus preventing the work rolling the head suffi- 
low temperature break the coarse grain and produce 
the tough, good-wearing rails desired. 

beneficial effect rolling low temperature has been 
well known for years, but until recently very decided steps had 
been taken roll the heavy rails low temperature, account 
the chances decreasing the large daily output the rail mills. 

have been made cool the head the rails with 
streams water, but has not proved entirely satisfactory. Others 
held back the rails rolling, but that interfered with the output. 
Others tried get better results using higher carbon these 
heavy rails. This has not been satisfactory, the higher the carbon 
the steel, the more sensitive the injurious effects high fin- 
ishing temperature. Quite recently the Carnegie Steel Co. changed 
their rail mill and put intermediate cooling bed, where several 
rails are held for seconds each, without decreasing the output 
ofthe mill. The head rail being contact with flange one 
next tends equalize the heat, and the final work rolling 
(one pass being taken) done low temperature. Rails rolled 
have finer grain the head and are much tougher under 
the drop. 

Another illustration the beneficial effect rolling rails 
low temperature, the re-rolling heavy rails that have not 
given good service. The improvement marked that has been 
said, ‘the only way get good rail re-roll This improve- 
ment due the annealing heating, the low temperature re- 
quired re-rolling, and the toughening effect the work rolling 
this low temperature. These same beneficial results can ob- 
tained rolling the rails the first place with the proper amount 
work low enough temperature. But the problem has been very 
much complicated the section the heavy rails and the use 
high carbon steel them. 

overcome these difficulties, the simplest way seems 
put more metal the flanges the heavy rails that they may carry 
the heat more equally with the head and enable the work rolling 
put the head sufficiently low temperature. This can 
done, either taking the metal from the head and adding the 
flange, adding additional metal the bottom the flange, leaving 
the section the rail the same all other particulars. 

may show that only very slight addition metal 
the flange may required, several parties are experimenting 
improved methods rolling, all tending control the finishing tem- 
perature, but the recognition this Society (by appointing the Com- 
mittee asked for) the well-known fact, that the heat treatment 
steel important the chemical composition the metal, will 
encourage the manufacturers rails renewed efforts. 

Whatever method may decided upon, some good, reliable 
check the finishing temperature should used. Three have been 
suggested: The use the pyrometer, the color the finished rails, 
and the amount shrinkage the -hot rail cut the saw the 
normal temperature. This latter the simplest all 
adapted the purpose. 

“Yours truly, 
WEBSTER, 
Am. Soc. E.” 


| 


that the proposition Mr. Webster, that special committee 
Standard Rail Sections appointed, referred the Board 
Direction, under Art. VI, Sec. 12, the Constitution. 

The motion was carried. 

The Secretary presented communications The Shrinkage 
Am. Soc. E., and Lion, Assoc. Am. Soc. The 
subject was discussed Messrs. Buck, Foster Crowell, 
Ulrich, Thompson and Hutton. 


Ballots were canvassed, and the following candidates were declared 
elected: 


MEMBERS. 


Newman New York City. 
North Adams, Mass. 

GREEN, Cleveland, Ohio. 
HENDERER, Cleveland, Ohio. 
Brovarp Moncton, B., Canada. 
Mason Pratt, Steelton, Pa. 

Sax, Philadelphia, Pa. 


MEMBERS. 


Hunter Hanna, Washington, 
Van Knoxville, Tenn. 
Newport News, Va. 
Epwarp West Hartford, Conn. 
Horton Havana, Cuba. 
Dana New York City. 
Wason, Brookline, Mass. 


The Secretary announced the election the following candidates 
the Board Direction, April 2d, 1901: 
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ASSOCIATE. 
New York City. 


JUNIORS. 


SHERMAN New York City. 
Myron Henry Lewis, Croton-on-Hudson, 


The Secretary announced the death WHITNEY; 
elected Member March 1893; died March 18th, 1901. 


Adjourned. 


April 17th, 1901.—The meeting was called order 8.40 
President James Croes the chair; Charles Warren Hunt, Secre- 
tary; and present, also, 115 members and guests. 

James Meem, Assoc. Am. Soc. E., Assistant Engineer 
Rapid Transit Railroad Commission, described and illustrated with 
lantern slides the Canal Street sewer system and the method con- 
structing 6-ft. 6-in. sewer tunnel through sand. 

The subject was discussed Messrs. Myers, Francis Colling- 
McCann and Bethel. 


Adjourned. 


THE BOARD DIRECTION. 


April 2d, 1901.—8.20 Croes the Chair; Charles 
Warren Hunt, Secretary, and present, also, Messrs. Bensel, Briggs, 
Endicott, Knap, O’Rourke, Osborn, Seaman and Turner. 

The Secretary reported the following additions the Committee 
the Proper Manipulation Tests Cement”: Newberry, 
Clifford Richardson, Richard Humphrey, Lewis, and the 
resignation member that Committee Mr. York. 

Applications were considered and other routine business transacted. 

One candidate for Associate and eight for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, May 1901.—8.30 business meeting will 
held, which ballots for membership will canvassed, and 
paper Abel Blackmar, Esq., entitled, Railroad Discrimination 
against New York, and the Remedy,” will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, May 17th, 1901.—8.30 this meeting paper 


Coos Bay, Ore., and the Improvement its Entrance the Govern- 
ment,” will presented for discussion. 


This paper printed this number Proceedings. 


Wednesday, June 5th, 1901.—8.30 business meeting will 
held, which ballots for membership will canvassed, and 
paper Morris Knowles, Assoc. Am. Soc. E., and Mr. Charles 
Hyde, entitled, ‘‘The Lawrence, Mass., City Filter: History 
its Installation and Maintenance,” will presented for discussion. 
This paper printed this number Proceedings. 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(March 14th April 10th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current articies, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 

(4) Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Indicator, Stevens 
Institute, Hoboken, J., 50c. 

(9) Engineering Magazine, New York 


(10) Magazine, New York City, 


New York City, 35c. 
(12) The Engineer (London), International 
News New York City, 35c. 
(13) Engineering News, New York City, 


(14) Engineering Record, New York 
City, 12c. 
Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 
(17) Street Railway Journal, New York 


ity, 
(18) Railway and Engineering Review, 
Chicago, 
Scientific American Supplement, New 
York 10c. 
(20) Iron Age, New York City, 10c. 
(a1) Railway Engineer, London, Eng- 


(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) Gaslight Journal, New 
York City, 

(25) Engineer, New York City, 


(26) Electrical London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New Water-Works. 
Assoe., Boston, 75c. 

(29) Journal, Society Arts, London, 
Engiand. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, 

(32) Memoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines. Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Inst. Elec. 
New York 

(43) Annales des Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Island, New York 
Harbor, 

(45) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 


nd. 
(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pa., 50c. 
(59) Transactions, Mining Institute 
Scotland, London and 
upon-Tyne. 
(60) 
olis, 
(61) Proceedings, Western Railwa 
225 Dearborn St., Chicago, 
(62) American Manufacturer and 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, England. 
(64) Power, New York City, 


(47) Engineer, Manchester, 
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CURRENT TECHNICAL LITERATURE. 


LIST ARTICLES. 


Bridge. 


Economy and Strength Brick and Concrete Arches for Floor Systems Highway 
Bridges.* William Bullock. (1) Feb. 

Reconstruction the Missouri River Glasgow, Mo.; Chicago Alton Ry.* 
Taylor, Am. Soc. (13) Mar. 14. (14) Mar. 16. 

Two Drawbridges the New York Central Railroad.* (15) Mar. 15. 

Bridges and Trestles.* (40) Mar. 15. Mar. 16. 

Working Over Old Bridge Iron.* John Pope. (40) Mar. 15. 

The Utility the Bascule Bridge.* (40) Mar. 15. 

The Mans, France. (14) Mar. 23. 

The Switchback Arch Bridge the White Pass Yukon Railway.* (14) Mar. 28. 

Erection Parts Towers New East River Bridge, New York.* (14) 

European and American Bridge-Building Practice. Thomas Curtis Clarke. (9) Apr. 


Electrical. 
Small Electric Lighting Plants. Richter and Swenson. (4) 


The Robert Waller Municipal Lighting Plant. Edward Ellicott. (4) Dec. 

Important European Electrical and Engineering Developments the Close the Nine- 
teenth Century.* William Hammer. (42) Feb. 

Method Compensating Voltmeters for the Drop Long Feeders.* Michael 
Field. (26) Serial beginning Mar. ending Mar. 15. 

The Economical Current Density for Small Conductors. James Whitcher. (26) Serial 
beginning Mar. ending Mar. 

100-Ton Electric Ladle Crane.* (11) Mar. 

Electric Shock Accidents: Their Prevention and Remedy. (26) Mar. 

High Tension Cables. Kilburn Scott. (26) Mar. 

the Use Storage Batteries Connection with Electric Tramways. Grindle, 
(26) Serial beginning Mar. ending Mar. 15. 

Up-to-date Transformer Design.* (26) Mar. 

Telegraphy with Tuned Apparatus. (26) Serial beginning Mar. 15, 
ending Mar. 22. 

The Ganz Three-Phase Railway System.* (27) Mar. 16. 

The Long Distance Telegraph and Telephone Systems Pupin, Thompson and Reed. 
Roeber. (27) Serial beginning Mar. 16, ending Mar. 30. 

Electrical Transmission Direct Coal Mine: Mine Plant Essen- 
Ruhr. Frank Perkins. (20) Mar. 21. 

Machinery.* (11) Serial beginning Mar. 22, end- 
Mar. 29. 

Combined Trolley and Conduit Tramway Systems. (26) Serial begin- 
ning Mar. 22, ending Mar. 29. 

the Power System the North Jersey Steel Railway System.* (17) Mar. 


Automatic Changeable Electric Signs.* (19) Mar. 23. 
Power Plant the United Electric Company New Jersey.* (27) Mar. 


The Invention the Telephone. George Davis. (27) Mar. 23. 
The Burry Page-Printing Telegraph.* (46) Mar. 23. 
Electric Traction and the Liability for Electrolysis. (12) Mar. 29. 


Proposed High-Speed Electrical between Liverpool and Manchester. 
ehr. (26) Mar. 29. 


Comparison the Different Methods Motor Control. (17) Mar. 30. 

Power Transmission Utah.* Cravath. (27) Mar. 30. 
Transatlantic Communication Means the Telephone. (9) Apr. 
The Electric Motor for Speed Regulation. Wheeler. (10) 


Vehicles vs. Tram Cars: Possible Development the Future. Alton 
ms. 


Marine. 


The Powering Ships.* William Ledyard Cathcart. (6) Jan. 
Liner Deutschiand. (11) Serial beginning Mar. ending Mar. 


Atlantic Steamships: Present and Future.* (47) Mar. 
New American Steel Shipbuilding Plants. Waldon Fawcett. (20) Mar. 14. 


Tilustrated. 


The Power Station the Manhattan Elevated Railway.* (64) Apr. 
Electric Power the Comstock Lode.* (45)Apr. 
Rathmines Electrical Plant.* Frank Perkins. (60) Apr. 

The Generation and Distribution Power the Olympia Mills.* (14) Apr. 
The Service Capacity Railway Motors. Armstrong. (17) Apr. 

410 The Development Telpherage.* (27) 
Electric Power for Irrigation Pumping Bakersfield, California.* (27) Apr. 

Groupe 200 Chevaux des Sociétés d’Augsbourg Nuremberg Réunies 
Société Schuckert.* Georges Henry. (33) Mar. 16. 
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Marine—(Continued). 


The New Dry-Dock Baltimore.* (14) Mar. 16. 

The Water-Tube Boiler Committee: Interim (47) Mar. 16. 

The Portsmouth Dry-Dock.* (14) Mar. 

Propeller Shafts.* Edward Nicholl. (47) Serial beginning Mar. 23, ending Mar. 30. 

Submarine Boats for the British Navy.* (11) Mar. 29. 

Instrument for Measuring the Rolling Ships.* (11) Mar. 29. 

The Influence Depth Immersion the Distribution Pressure over Submerged 
Moving Plate.* Humphrey Wingfield. (11) Mar. 29. 

Some Experiments Made Board the Atlantic Liner Deutschland, During Her Trial 
Trip June, 1900.* Otto Schlick. (11) Mar. 29. 

The Russian Volunteer Fleet* (10) Apr. 

Building Ocean Vessels Chicago.* (41) Apr. 

Water-Tube Boilers the British Navy. (13) 


Steel Vessels for Lake and Ocean Service.* Waldon Fawcett. (62) Apr. 
Mechanical. 


Power and Power Transmission for Mills. Henry James Lamborn. (41) Serial begin- 
ning Nov., ending Mar. 
Method Cyclic Analysis Heat Engines. Charles Lucke. (6) Jan. 
The Machinery and Transportation Exhibit the Paris Exposition 1900. (61) Feb. 
Light Lathes and Screw Machines.* John Ashford, Assoc. (11) Serial 
beginning Feb. 22, ending Mar. 15. 
The Fairbanks-Morse Gasoline Engine.* (22) Mar. 
The Scott-Snell High-pressure Incandescent Gas Lamp.* (47) Mar. 
New Method Burning Powdered Fuel.* Mar. 14. 
The Thornycroft-Marshall Water-Tube Boiler.* (11) Mar. 15. 
The New Works the Alabama Steel and Shipbuilding Company.* Archibald Potter 
Head, Inst. (22) Mar. 15. 
Alaska Coal-Handling Plant.* (40) Mar. 15. 
Steam Engineering the United States 1838. (14) Mar. 16. 
Argall’s Patent Crushing Rolls.* (16) Mar. 16. 
Boiler Explosion (11) Mar. 22. 
Some Recent Types Blowing Engines and Valves.* (22) Mar. 22. 
The Application Steam Power the Generation Electrical Energy. John 
Raworth, (26) Mar. 22. 
Otto Hoffmann Coke Oven Practice. (24) Mar. 25. 
The Thornycroft Steam Wagon.* (20) Mar. 28. 
The d’Auria Air Compressor.* Henry Morris. 28. 
Hoisting from Shafts. Leon (22) Mar. 29. 
Large Gas Engine Practice Cockerill’s Works, Seraing. Kilburn Scott, Inst. 
(26) Mar. 29. 
Remarkable Engine Wreck.* (17) Mar. 30. 
Testing the Accuracy Lathes. W.C. Wenk. (47) Mar. 30. 
Outdoor Steam William Ennis. (64) Apr. 
Rigid Regulation Test. (64) Apr. 
Fuel Combustion with Draft Furnished Mechanical Methods. William Wallace 
Christie. Apr. 
Hoisting Engines.* Joseph Horner. (10) Apr. 
Large Small Grate Areas and Combustion Studied Gas Analyses. Bement. 
(25 
Improved Heminway Process Coking Coal Beehive Coke Ovens Used the 
Plant the Universal Fuel Company.* Dr. Moss. (45) Apr. 
Gas Pumping Station. Eysenbach. (24) 
Relation Heating Lighting Power Gas with Special Reference Incandescent 
Herman Russell and Alfred White. (24) Apr. 
Superheated Steam. Ernest Foster. (14) Apr. 
Boyer Long-Stroke Pneumatic Hammer.* (19) Apr. 
New Elliptical Cutting Machine.* MacCord. (19) 
Losses Heat from Underground Alton Adams. (27) Apr. 
Les Vapeur.* Van Der Smissen. (31) vol. xxiii, pt. 
Nouveau Systéme Distribution des Machines Vanden Kerchove.* Alfred Vander 
Stegen. (31) vol. xxiii, pt. 
Installations Générales Service Mécanique Universelle Inter- 
nationale 1900.* Charles Bourdon. (32) Jan. 
Les Chaudiérs les Machines 1900.* (32) Jan. 
Les Condenseurs Machines Vapeur. Joseph Nadal. (37) Feb. 
Machine Vapeur Compound, 200 Chevaux, Société Anonyme Constructions 
Mécaniques Prague.* (34) Mar. 
Machine Vapeur Horizontale 200 Chevaux: Systéme Franco Tosi.* (33) Mar. 
Turbine Vapeur Compound. Systéme Seger.* (33) Mar. 
Machine Circulaire Couler les Lingots.* (33) Mar. 16. 


Metallurgical. 
Micro-Photographs Iron.* J.C. Humfrey. (11) Mar. 22. 
The Micro-Structure and Physical Properties Cast-Iron, Affected Heat-Treat- 


ment, especially the Manufacture Malleable Cast-Iron. Child and 
Heineken. (22) Mar. 22. 
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Metallurgical—(Continued). 


Some Applications the Wetherill Process Magnetic Separation.* (16) Mar. 30. 
The Continuous Open-hearth Process.* Horace Lash. (22) Apr. 


Modern American Blast-Furnace; Its Construction and Equipment.* Arthur 
Johnston (13) Apr. 


Military. 


Modern Artillery.* Lieut. Dawson. (11) (29) Mar. 
Capped Armour-Piercing Projectiles. (11) Mar. 


The Army and Navy Building the Paris Exhibition.* (11) Serial beginning Mar. 15, 
ending Mar. 29. 


Our New German Field Artillery Guns. (12) Mar. 22. 
Mining. 


What the Cost Horse-power Colliery? Sydney Walker. (22) Mar. 15. 
The Warrior Coal Basin (Alabama). Henry McCalley. (22) Mar. 15. 

Wagons for Mining and Contractors’ Work.* (47) Mar. 16. 

Iowa Coal Mine.* (16) Mar. 23. 

Mine Pumps.* (22) Mar. 29. 

The Electrical Transmission Power Coal Mines. Ravenshaw. (22) Mar. 29. 
Electrically Operated Mines Europe.* Frank Perkins. (16) Mar. 30. 

Explosive Gas Metalliferous Mine. Grey. (16) Mar. 30. 
Soft Coal: Some Reasons for Its Growing Export.* Day Allen Willey. (10) 


pr. 
Prospecting China.* Auguste Mathez. (45) 


The New Coke Plant the Eureka Fuel Company the Klondike Region, Pennsylva- 
(45) 


pr. 
Things Observed the Choosing, Operating and Caring for Mine Locomotives 
Insure the Greatest Economy.* (45) Apr. 


Miscellaneous. 


The Shop and Laboratory Relation Engineering Education. Prof. Paul Cham- 
berlain. (4) Dec. 


The Engineering Society; Its Relation the Engineer and the Profession. 
Malochée. (1) Feb. 


Report Committee Technical Schools; Engineers’ Society Western Pennsylvania. 


Feb. 
Help the Practicing Engineer. John Nicolson. (47) Serial 
beginning Mar. ending Mar. 16. 


Engineering Opportunities the Russian Empire. Alexander Hume Ford. Apr. 
Municipal. 


Expansion Brick Pavements.* Prof. Daniel Luten. Mar. 14. 


Some Facts Relating the Asphalt Paving Industry. Henry, Assoc. Am. Soc. 

Oiled Road Construction San Bernardino County, Cal. (14) Mar. 30. 

Coal Tar for Paving Uses. Warren. (60) Apr. 

Municipal Ownership. (60) Apr. 

Modern Brick Pavement Construction.* (60) Apr. 

Recent Road Construction Massachusetts. (14) Apr. 


Railroad. 


Way for Tramways and Light Railways.* (21) Serial beginning Dec., end- 

Feb. 

Bolts, Nuts and Keys and the Part They Play Locomotive and Car Work. (61) Feb. 

American Transcontinental Railways.* James Douglas, Past-President Am. Inst. 
(10) Serial beginning Mar., ending Apr. 

Some Recent Notable Train Wrecks.* (13) Mar. 14. 

Water Column for Railway Water Stations.* (13) Mar. 14. 

The Copper Range Railroad, U.S. (12) Mar. 15. 

The Projected Metropolitan Railway for St. Petersburg. (12) Mar. 15. 

Railways and Famine. Horace Bell, (29) Mar. 15. 

Inspection Track. Fisher. (40) Mar. 15. 

Maintenance Gauge. C.L. Addison. (40) Mar. 15. 

Tools. Poland. (40) Mar. 15. (18) Mar. 16. 

Interlocking the Grand Central Station, New York.* (40) Mar. 15. 

Masonry. (40) Mar. 15. 

Ballasting. (40) (18) Mar. 16. 

Railroad through Great Salt Lake.* Kenneth Kerr. (40) Mar. 15. 

New York Standard Engineering.* (40) Mar. 15. 

Graduation (Railway Roadbed). (40) (18) Mar. 16. 

Victoria Station, Nottingham. England.* (40) Mar. 15. 

Pennsylvania’s Current Work.* (40) Mar. 15. 

Yards and Terminals. (40) (18) Mar. 16. 


Decay Ties and Bridge Timber. Dr. Hermann von Schrenk. (40) Mar. 15. 
Rail. (40) Mar. 15. 


Ties. (40) (18) Mar. 16, 
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Railroad—(Continued). 


Economies Coal and Ore Handling.* John Goodwin. (40) Mar. 15. 

Signaling and Interlocking. (40) Mar. 15. 

Track. (40) (18) Mar. 16. 

Automatic Dumping Car.* (18) Mar. 16. 

Highway Crossings. (18) Mar. 16. 

The Albany Improvement the New York Central.* (18) Mar. 16. 

ar. 16. 

Taylor Electric Interlocking West Chicago, (40) Mar. 16. 

Most Powerful Express Locomotive the World.* (46) Mar. 16. 

Railway Improvements the Union Pacific.* (18) Mar. 16. 

The Reading Belt Railroad.* (40) Mar. 22. 

Tunneling with Roof Shield East Boston.* (14) Mar. 23. 

Economic Train Dispatching. (18) Mar. 23. 

The Manning Convertible Car.* (18) Mar. 23. 

Electric Train Lighting the Ry. (18) Serial beginning Mar. 23, ending 


Apr. 

The Street Railway Under Boston Harbor.* Stewart. (46) Mar. 

New York Central Improvements West Albany.* (15) Mar. 29. 

Tests Wide and Narrow Fire-Box Locomotives. (15) Mar. 

Capacity Box-Car with Pressed Steel Underframe—Philadelphia Reading 
Railroad.* (15) 29. 

New Passenger Locomotives for the Lake Shore Michigan Southern. (15) Mar. 29. 

Sections and 6B, New York Rapid Transit Railway.* (14) Mar. 30. 

Machine for Plating Ties, Ry.* Mar. 30. 

Snow upon Railways.* (19) Mar. 30. 

Modern Types British Locomotives: Review Designs and Performances.* 
Bowen Cooke. (10) Apr. 

Bloomington Shop Improvements, Chicago Alton Railroad.* (25) Apr. 

Road Tests Draft Gears, Atchison, Topeka Santa Railway. (25) Apr. 

Friction Draft The Standard Coupler Company.* (25) Apr. 

Type Passenger Locomotive, Chicago, Rock Island Pacific Railway.* 
Apr. (18) Apr. 

The Wisconsin Central Repair Shops.* (39) Apr. 

Best Method Preparing Journal Box Packing.* Bunn. (39) Apr. 

The Barschall Rail Joint the Pennsylvania Railroad.* (13) Apr. 

Repair Shops the Chicago North Western Railway.* (41) Apr. 

The East Boston Tunnel Extension the Boston Subway.* (13) Apr. 

New Pittsburg Lake Erie Railroad Station* (62) Apr. 

Creating Park Traffic. (17) Apr. 

The Uneasy Motion Steam Cars.* John Brill. (17) Apr. 

Normal Normal Danger Signals? Henry Miller. (18) Apr. 

Recent Inventions the Car Department.* (18) Apr. 

The Street Railway System Liverpool, England.* (17) Apr. 

The Street Railway System Naples.* Cesare Pio. (17) Apr. 

The System the Michigan Traction and the Power House the Kalamazoo 
Valley Electric Company.* (17) Apr. 

Notes Street Railway Practice.* (17) Apr. 

The New Electric Railway Georgetown, British Guiana.* (17) Apr. 

Notes from (17) Apr. 

Training School for New York Street-Car Motormen.* (46) Apr. 

Hydraulic Electric-Car Brake.* (46) Apr. 

Les Chemins Fer les Tramways Universelle 1900: Notice sur les 
Institutions Prévoyance Autres Mesures Patronales Compagnie des 
Chemins Fer (38) Feb. 

Les Locomotives Suisses 1900.* Raymond Godfernaux. Feb. 

Métropolitain Paris: Exploitation des Lignes Service; Usine Electrique 
Bercy; Ligne Actuellement Construction. Dumas. (33) Serial beginning 
Mar. ending Mar. 

Locomotive Compound Grande Vitesse, Essieux Accouplés, Fabrique 
Saxonne Chemnitz.* Barbier. (33) Mar. 16. 


Sanitary. 


Recent Progress Sewage Purification. Arthur Talbot. Dec. 

New Form Septic Tank for Holland, Mich.* Alvord Shields. (14) 

the Manhattan Hotel, New York.* (14) Serial beginning Mar. 16, ending 
ar. 23. 

Sewerage Systems Industrial Works.* (14) Mar. 23. 

Sewage Disposal. Barbour. Mar. 30. 

Hot-Water Central Heating Red Oak, Ia.* (14) Mar. 30. 

Heating and Ventilating the Machine Shop. Leicester Allen. (9) 


pr. 
Central Station Heating.* (60) Apr. 
Methods Cleaning Pavements. (60) Apr. 


Tilustrated. 
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Sanitary—(Continued). 


The Heating and Ventilating Plant the Boyer Machine Company.* (20) Apr. 
The Septic Tank Marion, lowa.* (14) 


r. 6. 
Chauffage Mixte par Vapeur Basse Pression.* F.de Croix. (31) 
vol. xxxiii, Pt. 


Structural. 


Experiment with Wet and Dry Concrete.* Irving Hitz. (4) Dec. 

Test the Use Rapp Floor Arches. Frederic Fay. (1) 

sed Building Construction and Other Work. William 

Description Ransome System Concrete Steel Floors.* Tuttle. (1) Feb. 

Test Roebling Fireproof Andrew Woodman. (1) Feb. 

Review Concrete-Metal Construction. Chas. Kurtz. Feb. 

The Steel Skeleton Construction Tall Office Building. J.S. Branne. (1) Feb. 


Some Engineering Features the Development Country Estate.* (14) Mar. 16. 
Concrete-Iron Chimney.* (15) Mar. 22. 


cifications for Iron and Steel. (40) Mar. 22. 

Foundations the New Mutual Life Insurance Building, New York City.* 
Kennard Thomson, Am. Soc. (13) Mar. 28. 

Concrete (18) Mar. 30. 


rise Divers Batiments Quai d’Orsay.* dela Brosse. (38) 


Intercommunal Bagnolet, les Lilas, Pantin Pré-Saint-Gervais (Seine).* 
Rivoalen. (35) Mar. 


Topographical. 


Prim Triangulation and Precise Levels the United States Government Surveys.* 
Herbert Wilson. (13) Apr. 


Water Supply. 

Self-Purification Polluted Water-Courses. (14) Mar. 16. 

Water Service. (18) Mar. 16. 

Covering Water Filters. (14) Mar. 23. 

The Sand Filters Whitestown, Y.* Stone. (14) Mar. 30. 

New Method Manufacturing Steel Pipe.* (46) Mar. 

Water-Softening Plant Langw ith (45) Apr. 

New Pipe-Cutting Machine.* (13) 

The Water Paris.* (13) Apr. 

Les Tuyaux Fonte Frettés ‘la Société des Hauts Fourneaux 

Station Sarpsfos (Norwége). (33) 16. 


Waterways. 


The River and Harbor Chicago. Wilcox. (4) Dec. 

New Dock and Harbor Works the East Scotland.* Mar. 

Aqueduct Over the Lake Shore.* (40) Mar. 15. 

New St. Ore Dock Escanaba, (40) Mar. 16. 

Water Transportation and Distribution Facilities. Albert Scherzer. (41) Apr. 


Expert Commission’s Plans for Increasing the Flow through the Chicago 
(13) 


The Southern Pacific Wharf Oakland, Cal.* (40) Apr. 
Tilustrated. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


PURIFICATION THE WASHINGTON WATER SUPPLY. 


Inquiry held Direction the United States Senate Commit- 
tee the District Columbia. Edited and Compiled Charles 
Moore, Clerk the Senate Committee the District Columbia. 
Cloth, 6ins., 241 pp. Washington, Government Printing Office, 
1901. 


The Contents are: Report Rudolph Hering, George Fuller, and Allen Hazen; 
Statements made Hearing held the Waldorf-Astoria Hotel, New York City, Jan. 
4th, 1901, Dr, Billings, Prof. William Mason, George Fuller, 
Edmund Weston, John Hill, Rudolph Hering, John Diven, and George John- 
son; Filtration Public Water Supplies, Lieut.-Col. Charles Smart; Filtration Public 
Water Geddings; Letter from Mr. Robert Spurr Weston regard the 
Report the Columbia Medical Society; Extract from the Report the 
Committee Public Health the Washington Board Health; Historical Review 
the Sanitary Efforts Lessen Typhoid Fever the District Columbia; Report the 
Investigation the Feasibility and Propriety Filtering the Water the City 
Washington; Report made Special Committee the Medical Society the 
District Columbia upon the Relative Merits the Slow Sand and Mechanical Filtra- 
tion; Discussion the Filtration Water for Public Use the American Society 
Civil the London Meeting, 1900; Daily Mean Temperatures the District 
Columbia. 


LES CHEMINS FER AUX COLONIES 


dans les Pays Neufs: Fascicule Concernant les Chemins Fer 


les Tramways Vapeur aux Indes Orientales Néerlandaises, Rédigé 
par Post. Ancien Ingénieur Classe des Chemins Fer 
aux Indes Orientales Néerlandaises, Membre Associé 
Colonial International. Boards, ins., 263 pp., illus. 
Bruxelles, 1900. (Donated the Author.) 


The Contents are: Chemins Fer Néerlandais Java; Chemins Fer 
Néerlandais Sumatra; des Tramways Vapeur aux Indes Orientales 
Néerlandaises; Annexes Tableau des Tramways Vapeur Exploi- 
tation. Type Conditions Concession. III. Type Conditions Concession 

our Embranchements. IV. Résumé des Réglements Concernant les Demandes 

VI. Résumé Réglement Concernant les Tramways Privés pour 
trie, etc. Tramway Vapeur Samarang-Joana. Tramway Vapeur Java-Est; Tram- 
way Vapeur Sérajou; Tramway Vapeur Samarang-Chéribon. 


EXPERIMENTAL ENGINEERING, 


Vol. Treatise the Methods and Machines Used the 
Mechanical Testing Materials Construction. William Charles 
Popplewell, Assoc. Inst. Cloth, ins., 404 pp., illus. 
The Scientific Publishing Company, Manchester, 1901. 10s. 6d. net. 


The headings chapters are: The Mechanics Bodies under Test Loads; Testing 
Machines; Auxiliary Measuring Testing Operations—Tension Tests; Test- 
ing Operations—Shearing and Bending Tests; Testing Operations—Torsion Tests; Auto- 
matic and Semi-Automatic Apparatus; The Testing Struts Pillars; 
General Phenomena Exhibited Test Pieces under Varying Conditions; riments 
the Relation Stress and Permanent Strain, and Repeated Stresses; The Testing 
Vitreous Materials and Timber; Strength the Principal Materials Con- 
struction. There Bibliography General References the Subject Testing, and 
Index four pages. 


| 


DONATIONS THE LIBRARY. 
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RAILROAD DISCRIMINATION AGAINST NEW 
YORK, AND THE REMEDY.* 


May Ist, 1901. 


Railroad discrimination may divided into two classes: 

The first that which consists special rates, drawbaeks and 
secret agreements, giving certain shippers advantage over others. 
This illegal. injurious trade large; aids the strong 
against the weak, creates conditions hostile proper development 
commerce, and repudiates the duty uniform service which the 
railroads owe the people; but not necessarily usually dis- 
crimination against locality. accompanies free competition 
among the roads, and the end leaves each locality with the benefit 
its natural and acquired advantages. 

The second class discrimination consists differences pub- 
lished rates, made for the purpose influencing the direction 
traffic, and favoring injuring localities. This not necessarily 
illegal. 


The statements contained this paper apply differentials the early part 
the year 1900. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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was said the Interstate Commerce Commission, Produce 
Exchange vs. The Baltimore and Ohio Railroad Company: 


Railway companies are not prohibited the third section from 
preferring one locality another, unless the preference amounts 
undue unreasonable one. Railway competition may, 


therefore, excuse the giving preference particular locality 
particular commodity, provided the interests the public are not 
unduly sacrificed those the carrier.” 

must accept the proposition, therefore, that discrimination 
against locality the interests carrier not necessarily unlaw- 
ful. such discrimination that this paper treats. 

April 5th, 1877, agreement was signed William 
Vanderbilt, Jewett, Thomas Scott and John Garrett, 
representing the New York Central, the Erie, the Pennsylvania, and 
the Baltimore and Ohio railroad companies. This agreement estab- 
lished system differential freight rates governing all both 
east bound and west bound, moving rail between the cities 
the Atlantic seaboard and territory bounded the south the 
Ohio River, the west the Mississippi, and the east 
imaginary line drawn through Toronto, Buffalo, Pittsburg and 
Parkersburg. All traffic destined originating west 
the Mississippi was also subject this agreement, and has since 
been extended other trunk lines and seaports like Newport News 
and Norfolk, which have since become important. This system 
differentials has continued, with some modifications, substantially 
unchanged until to-day. governs the rates all classes freight 
and commodities, and regulates the movement all grain and grain 
products the United States, except those moving the Gulf ports 
the Pacific Coast. 

determining the freight rates, the New York-Chicago rate 
taken the basis, because those points are the most important 
shipping centers, and the rate between them is, during the period 
open navigation, direct competition with the lake and canal route. 
The rates between New York and all other points the territory are 
agreed percentages the New York-Chicago rate. instance, the 
rate from New York Detroit 78% the New York-Chicago rate; 
Indianapolis, 93%; Cincinnati, 87%; Erie, 60%; St. Louis, 
116%, determine the rate between such points and the 
other seaports east-bound freight, cents per hundredweight 
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deducted from the New York rate find that Philadelphia, and 
cents find the rate Baltimore, Norfolk and Newport News. 
east-bound traffic for export, Boston takes the New York rate. 
west-bound traffic the differential the same upon the east-bound 
lower classes greater higher classes. this 
manner, rates from every point that territory every point the 
seaboard are constructed the use these percentages and differen- 
tials, and vary the basic rate from New York Chicago varies. 

was said Commissioner Fink his report dated December 
1st, 1881: 


agreement April 5th, 1877, was made with the view 
equalizing the aggregate cost rail and ocean transportation between 
the competing points the West and all foreign and domestic points 
reached through Baltimore, Philadelphia and New 


This confession that the object the agreement was give 
the other portsand the railroads leading thereto such advantages 
freight rates would neutralize all the natural and acquired advan- 
tages New York, and put all the ports competitive equality 
traffic for export. This confessed purpose the differential fell 
short the truth, for they have always been much greater than the 
ruling difference ocean freights, and have given other ports 
advantages which have enabled them compete successfully with 
New York and divert considerable amount the traffic properly 
tributary thereto. 

more fully carry this purpose into effect, the original agreement 
April 1st, 1877, provided: 

the cost, the shipper, delivering grain each port from 


terminus each the roads the vessel which exported, 


well the number days’ free storage thereon allowed, shall the 
same.” 


the whole differential system based variable unit always 
competition with the lake and canal, the regulations regarding 
elevator, lighterage and transfer charges were devised meet water 
competition. The great ocean steamers New York receive their 
berth freight their docks. delivering such docks, the canal 
boat, being moving storehouse, has the advantage the railroad with 
fixed terminus. The railroads, therefore, provided for free lighter- 
age, put themselves competitive equality with the canal. They 
agreed with the Floating Elevator Company that the same transfer 
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charge should imposed canal grains as, agreement between 
themselves, they imposed grain carried rail, and they placed 
arbitrary prohibitive charge cent bushel grain loaded for 
export their own elevators, maintain the condition equalized 
charges order that the differential might have full effect. 

Having arranged for this self-adjusting system rates which 
created practical consolidation all the trunk lines participating 
the grain trade moving the Atlantic seaboard, and having estab- 
lished system excessive transfer and terminal charges, which 
rail-carried grain was practical addition freight charges, the 
railroads began the contest for the carrying trade with the Lakes and 
canal. The problem before them was difficult one: was pre- 
serve the railroads having their termini New York their fair per- 
centage the traffic, and the same time divert the roads 
tributary Boston, Philadelphia, Baltimore, and afterward Norfolk 
and Newport News, such amount freight would satisfy their 
claims. This purpose was the advancement railroad interests alone, 
without regard the rights interests the competitive localities. 
New York controlled the trade, this could only carried 
out the expense the trade New York, and the limitation 
destruction the traffic lake and canal. 

the contest with the Lakes, the railroads, although unable 
compete the rate per ton per mile, had some powerful weapons. All 
grain moving down the Great Lakes brought the Lake ports from 
the interior rail. When grain once loaded into cars, its tendency 
remain there until reaches its ultimate destination. high 
local rates the Lake ports and low through rates the seaboard, the 
railroads attempted prevent the transfer the grain from their care 
the Lake carriers. 

According the testimony Mr. Hayes 1874, before select 
committee transportation routes the seaboard, the through rail 
rate New York from points origin the corn and wheat 
cents per ton-mile, while the rate Chicago from the same point 
was from 2.1 2.3 cents per ton-mile. 

1872 the railroads had practical control all the territory 
and Indiana within miles Lake Michigan, and, dis- 
crimination against the Lake ports, were pressing forward their sphere 
influence. For some time the railroads seemed succeeding 
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their contest with the Lakes, but since the early eighties the natural 
superiority the waterways has asserted itself. 

1881 the railroads had secured 94% the flour traffic from 
Chicago, against carried the Lakes. 


1882 the shares the railroads fell 79% 


From that time the percentage has not substantially fallen off; 
while one year—1898—it materially increased. 

1874 the railroads carried 37% the wheat from Chicago; and 
the Lakes, per cent. 


1878 the railroads secured ............. 44% 
1897 their percentage 32% 


1885 the railroads carried 80% the oats from Chicago, 
compared with 20% Lake. 

The percentage the railroads has fallen until 1897, when they 
secured only per cent. 

These are statistics the Chicago trade where the conditions favor. 
the railroads; the actual increase Lake transportation wheat and 
flour has been greater, the flouring industries northern towns 

developed, and the wheat belt tributary the Lakes has shifted 
northward toward Minnesota and the Dakotas. 

the corn belt further south, the railroads have been more suc- 
cessful maintaining their share the through corn traffic. 

Statistics demonstrate the growing supremacy the Lake traffic: 
1885 the record entrances and clearances the United States 
ports the Lakes showed traffic upwards 000 009 tons; 
1890 this had reached 500 000 tons, and 1896 the total traffic was 
000 000 tons. According the report the Roosevelt Commission 
canals, 000 000 tons will not overestimate the freight 
the Lakes 1898, ton-mileage 000 000 000 for the year 1898, 
exceeding the total ton-mileage railroads the district from the 
Missouri River east Buffalo and Pittsburg. The greater part this 
traffic the coarser products, and the natural destination the east- 
bound traffic the Port Buffalo, and the natural outlet the Erie 

Canal. 
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The success the Lakes this struggle shifted the point battle 
between the railroads and the waterways from Chicago Buffalo. 
was said the the Grain Trade,” issued the 
Treasury Department, January, 1900: 

While the Port Buffalo receiving ever-increasing quantities 
grain, and while canal freights have been reduced, tolls abolished, 
and elevating and storage charges not only lessened, but some cases 
temporarily abolished (the elevating being done gratis), the canal 
becoming less important, while the Lakes are maintaining their own, 
and even regaining their old supremacy. The break the chain 
water communication, however, not the West, but the point 
where lake and canal meet Buffalo.” 
meet the changing conditions caused the reviving commerce 
the Lakes and prevent the commerce seeking outlet down the 
canal, the railroad companies, 1895 and 1896, imposed differential, 
first cent and then cent bushel upon ex-lake grain, favor 
Philadelphia and Baltimore, and against New York. the Buffalo- 
New York rate was made competition with the canal, that 
Philadelphia and Baltimore was amply effective produce the diver- 
sion. This discrimination, not only against the Port New York 
favor Philadelphia and Baltimore, but against Buffalo favor 
Erie and Fairport. 

The whole differential system, including the all-rail differential, 
the lake and rail differential, and the maintenance excessive transfer, 
elevator and storage charges, had, has been seen, two objects: 

First.—Solidifying all railroads their competition against the 
waterways, natural and artificial. 

Second.—Diverting other places trade properly tributary New 
York, and distributing the traffic satisfy competing roads. 

their first purpose they have largely failed their struggle 
with the Lakes; but they are succeeding better against the canal. 

What has been the effect these discriminating differentials upon 
the trade New York? 

the early seventies, New York controlled between and 80% 
the export trade passing through the six ports Boston, New York, 
Philadelphia, Baltimore, Norfolk and Newport News, and even 
larger percentage the import trade. had many advantages 
which had enabled secure and retain this The Erie 
Canal was then bringing the Port New York much grain 
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and flour all the railroads combined, and was bringing about 
one-third all the grain which was received all the six Atlantic 
seaports. trade had been firmly established many and 
well-recognized lines ocean steamers which resulted favorable 
ocean freight rates. Conservatism and the force habit trade 
favored that port, storage facilities permitted almost unlimited 
receipts, and, lastly, the freight rates themselves were much higher 
than present that the relative burden the differentials was much 
less. For the four years preceding the differential agreement, namely, 
1873, 1874, 1875 and 1876, there was received New York 57.2% 
all the wheat, flour and grain received the six Atlantic seaports. 
During the last four years the receipts have fallen 36.9 per cent. 
During the four years preceding the differential agreement, New York 
had 67.4% all the exports such products passing through these 
six ports. During the last four years New York’s percentage has fallen 
per cent. This decrease the percentage receipts New 
York and decrease the exports nearly This 
decrease the percentage the traffic passing through the Port New 
York has been continuous and progressive. Year year the ports, 


the south, which have the larger differential, have 


encroached upon the trade New York. For many years the conservative 
tendencies held large portion the trade New York, but with the 
elimination the canals, with the increasing facilities for hardling the 
traffic other ports, with the construction new roads which are natur- 
ally tributary other ports, with the cheapening the price bread- 
stuffs and the decrease freight rates, the diversion grown 
from year year more serious. was felt first coarser materials, 
especially grain and grain products, but beginning followed 
the diversion trade other commodities and decrease 
imports. 

This not question affecting the Port New York alone; this 
traffic diverted from the State. has been pointed out, the system 
differentials which affects grain moving from the Lake ports rail 
the Atlantic Coast aimed directly the trade Buffalo favor 
Erie for the Philadelphia trade, and Fairport for the Baltimore 
trade; neither are interior points like Rochester and Syracuse unaf- 
fected. The coarser freights from Syracuse and Rochester 
the seaboard are the same from Buffalo. This subjects such 
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freight the the ex-lake differential, and, practically, 
far freight rates upon this class products are concerned, brings 
Duluth within cent bushel near Philadelphia and Baltimore 
Syracuse New York. 

there any remedy, and, so, what? 

For twenty-three years the merchants New York have been at- 
tempting obtain relief application the railroad companies, but 
without success. During all this time the question has been agitated 
every manner possible; every effort has been made obtain relief, 
and the result has been failure. After the establishment the Inter- 
state Commerce Commission, was hoped that relief might had 
the theory that the differentials were undue and unreasonable preju- 
dice and disadvantage the New York favor other 
competing localities. Proceedings seeking relief were instituted 
the New York Produce Exchange, but they resulted only obtaining 
judgment that the differentials were not illegal. After this failure, 
strenuous efforts were made the direction decreasing terminal 
charges, storage charges and inspection fees, but these resulted 
nothing permanent. 

The remedy not with the railroads. There were times when the 
New York Central and Erie, which were distinctively New York roads, 
were hostile the differentials. June 3d, 1880, the New York 
Central road withdrew from the differential agreement, claiming that 
was unjust the Port New York. war rates immediately 
followed, and lasted until the Report the Advisory Commission, 
July 20th, 1882, recommending the continuance the differential. 
The rate war whipped the New York Central back into line, and forced 
its acquiescence the differential system. Since that time era 
consolidation railroad interests has arisen, and impossible 


say, with any assurance, that the success any railroad system 
depends the prosperity any single port. The motive which once 
was powerful enough induce the New York roads brave arate war 
the interests the commerce New York gone, has become 
very much weakened. If, before the time railroad consolidation, 
the New York roads, then interested solely New York commerce, 
relatively stronger than present, with less competition from the 
southerly roads, were unable effect the abrogation the differential, 
what possibility there that such result can now reached? 
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There are also substantial reasons for the apathy the New York 
roads their efforts protect New York commerce. Since 1873 the 
excess receipts wheat, corn and flour over exports the Port 
New York was 707 218 133 bushels; this seems represent the domes- 
tic consumption. differential, cents bushel, upon this 
amounts about 000 000. The differential cents bushel 
$12 000 000, upwards $444 year. this produce were 
brought New York rail, under freight rates governed the now 
existing differential, the city would pay increased freight over the 
Baltimore rate upon the wheat, flour and corn there consumed each 
year, amount which about equals the annual expenditure for the 
maintenance and operation the Erie Canal, which has averaged, for 
the ten years preceding 1899, about $445 000 per year. The total re- 
ceipts wheat, corn and New York since 1872 have been 
589 448 207 bushels. The 2-cent differential this has amounted 
about $18 000 000; the amount the 3-cent differential about 
$27 000 000; or, average upwards 000 per year. That 
portion this freight which has been carried upon the Erie Canal was 
not, however, subject this tax. Although, the year 1899, less 


than one-tenth the receipts wheat, flour and corn the Port 


New York came canal, yet, during the whole period from 1872, 
about one-third the receipts were canal. This portion the 
traffic was not subject the differential, and the total burden upon the 
Port New York, through the operation the differential east- 
bound wheat, corn and alone, since 1872, has been, therefore, 
about $18 000 000, upwards $666 000 yearly. This tax which 
has been paid the roads carrying New York City, for the purpose 
inducing them consent the diversion the trade the more 
southerly outports the operation the differential. ingen- 
uous method which enables the New York roads exact from New 
York commerce the price their acquiescence its destruction. 
The figures here given represent the amount the differential 
wheat, corn and flour alone. The total amount the differential 
upon all traffic, both east bound and west bound, through the Port 
New York immensely greater.* 

also significant fact that this decrease has not been the 
expense the railroads. The amount wheat, corn and flour re- 


816 064 tons flour, grain and provisions reaching New York 1896 rail, 
the 3-cent differential amounted 289 
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ceived New York rail during the four years preceding the differ- 
ential agreement, viz., 1873, 1874, 1875 and 1876, was 30.2% the total 
receipts the six Atlantic seaports, and during the last four years 
1896, 1897, 1898 and 1899, had increased 32.5 per cent. The per- 
centage grain carried rail the Port New York has been 
almost constant factor for the last twenty-seven years. The railroads, 
notwithstanding the differential, have maintained, not only the abso- 
lute amount traffic carried, but have secured their percentage 
the increase. All the loss this traffic the Port New York 
represented the loss the canal-carrying trade. The differentials 
have been potential giving the other ports that portion the 
grain trade which used carried the Erie Canal. 1873 the 
receipts New York were 61.4% the total amount the receipts 
the six Atlantic seaports. this the canal carried over one-half, 
and the railroads 28.8%, which the canal carried only 
3%, the railroads actually increasing their percentage 33.2. 

found, then, that the railroad companies have motive for 
protecting, power protect, the commerce New York against 
the inroads made the differential system favor other ports; 
that existing conditions not permit abrogation this discrim- 
ination the railroads themselves, and that practical experience for 
twenty-seven vears proves that impossible anticipate any help 
from legislative bodies judicial tribunals. The differentials may 
some time voluntarily abolished the railroad companies. They 
have been during the last year decreased upon grain intended for ex- 
port; but, abolished the railroads, will when they have 
served their full purpose, when the canal has been entirely eliminated 
factor, when the other ports have established direct relations 
with foreign ports their lines steamships, and this means 
secured favorable ocean berth rates, and when their harbor accommo- 
dations and facilities for handling products have been improved 
that they can hold their own against the Port New York, when 
what the Baltimore and Ohio, the Pennsylvania, the Chesapeake and 
Ohio, and the Norfolk and Western are pleased consider their fair 
proportion the traffic has been permanently secured them and 
can maintained without the aid the differentials, then the rail- 
road companies may voluntarily abolish them, but will not before 
that time. any relief expected, must sought another 
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direction. Nor will palliatives like diminution port charges, 
cheaper docking facilities, reduction elevator charges, abolition 
lighterage, permanently provide relief. These reforms are useful and 
necessary, but not sufficient, for they will met with proportionate 
decrease other ports, leaving the influence the differentials intact. 

But there does exist within the power the people New York 
remedy which sure and effective. There transportation agency 
which never can interested any termini except New York 
Buffalo, nor any interior cities, except such Rochester, Syracuse, 
Utica and Albany. This agency can never make agreements with 
railroads divert traffic any other ports. can party 
scheme imposing and maintaining arbitrary charges for lighterage 
elevators. can serve only the people New York, and can 
restore New York decade the trade which has been laboriously 
and steadily diverted the railroad companies. This agency 
improved and enlarged navigable waterway from Lake Erie the 
Hudson River. such waterway were built, and secured 
reasonable proportion the traffic which properly and naturally 
tributary New York, self-interest the railroads leading New 
York could relied upon continue secure their own percentage 
against roads leading other points, addition that carried 
the canal. 

proceedings taken the New York Produce Exchange, against the 
railroad companies, before the Interstate Commerce Commission, seek- 
ing the abrogation the differentials, Mr. George Blanchard, Com- 
missioner the Joint Traffic Association, was placed upon thestand, and 
testified that the year 1896 the business canal was approximately 
the total receipts wheat, corn and flour the six Atlantic 
seaports, and the total receipts New York; one-half 
that proportion less might, and probably would, determine the rail 
rates from Buffalo New York and incidentally from ports 
all seaport cities.” Such, the estimation railroad men, the 
present power the antiquated, neglected and obsolete waterway, 
power, the exercise which infinite value the people, and ‘is 
even now the flaming sword the path railroad monopoly. 
view this childish figure upon the cost moving the 000 000 
000 000 tons freight actually carried the Erie Canal. 
limited vision which can see other use the canal. important 
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this may be, the indirect influence the canal much greater. 
Antiquated and ineffective are the present canal methods, represent- 
ing conditions nearly eighty years ago, with boats carrying 320 tons, 
with the waterway insufficient even for them, with its mule power, 
pike poles and snubbing posts, full eel grass, crawling along the 
hill-sides, the Erie Canal to-day regulator freight rates, and sets 
limit upon railroad exaction, not only for the State New York, but 
for all the grain which grown the United States, whether finds 
its outlet the Atlantic seaports, the Gulf ports, possibly 
the Pacific seaports. 

the report the Canal Auditors 1883, there the following: 


nearly sixty years since the Erie Canal was completed and 
opened for navigation between Lake Erie and the Hudson River, and 
all the primitive devices for operating are still employed. When 
reflect that the whole system operating the locks and moving the 
boats has undergone change, not surprising that the canals 
have become the subject ridicule. The fact that the canals continue 
employed under such conditions astrong proof that certain 


extent they are necessity.” 

That was written seventeen years ago and the present writer knows 
substantial improvement since. 

the present so-called its enemies, this hindrance 
commercial prosperity,” use the heading paper read before the 
State Commerce Convention Utica 1899, has such power to-day, 
what limit could put upon the power canal such recom- 
mended the Canal Commission Governor Roosevelt, vitalize 
and develop commerce and, incidentally, manufacturing industries? 

Such canal would effective remedy for railroad discrimina- 
tions. 

would reduce freight rates low that differential would 
impossible. The most that the most sanguine and irresponsible 
advocate railroad against canal transportation has claimed that 
possible for railroads compete with the canal. According 
the United States Bureau Statistics, the rate per ton-mile the 
New York Central 6.76 mills; the Erie, 6.09 mills; the 
more and Ohio, 5.29 mills; the Pennsylvania, 5.61 mills; the 
Lake Shore, 5.38 mills; the Chesapeake, 4.19 mills; and the Nor- 
folk and Western, The writer has examined the statistics 
upwards hundred roads and finds none lower. Grain has been 
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carried lower rates, and, especially from the Lakes the seaboard 
during canal seasons, rates have been made 2.50 mills per 
ton-mile; but these are rates created canal competition, and has 
never been claimed that they are profitable the railroads, except 
aid the destruction the canal. These low rates granted from 
Buffalo New York are Grecian gifts like free elevating canal grain 
railroad elevators done drive canal elevators out business. But 
even for the sake argument concede the possibility railroad com- 
petition with rate 0.052 mill per ton-mile, obvious that 
differential could placed under this. sufficient reduction canal 
freights means the end the differential discrimination against New 
York commerce; with such canal freight war would not follow 
abrogation the differential, especially coarser freight; for the 
futility such rate war would obvious all, and even railroad 
companies not commit suicide. The roads carrying New York 
competition with such canal would obliged demand and not 
accord differentials, and the commerce the great Northwest would 
once more flow and its natural channel, the gap through 
the Appalachian Chain, along the course the Erie Canal and through 
the Hudson River, and every city, every village and every county along. 
its course would enriched the stream commerce flowed. 

Second.—It would put end exorbitant transfer charges which 
have been established the railroad elevator combination. the 
grain which arrives Buffalo, together with that which would 
attracted there the abolition the differential, should find 
outlet down the new enlarged canal, would burst through any at- 
tempted system extortion transfer charges, elevating, storage 
inspection, surely mountain torrent will burst through dam 
bulrushes. 

The railroads cannot afford remedy. They are powerless before 
their competitors, and have agree with them, the way.. The 
reported talk railroad president about carrying grain from 
Buffalo New York free, were given the price canal enlarge- 
ment, idle. were possible, and were willing so, 
would not permitted competing roads. Legislation futile 
before the development trade under natural laws. The only 
remedy create such conditions that the natural operation the 
laws trade prohibit the discrimination. 
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DESCRIPTION COOS BAY, OREGON, AND THE 
IMPROVEMENT ITS ENTRANCE 
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PRESENTED May 1901. 


The recent completion the north jetty Coos Bay, Ore., and the 
satisfactory results following its construction make appear value 
give some description this work and the conditions the entrance 
prior the commencement operations, especially study cer- 
tain methods construction, satisfactorily used here and neighbor- 
ing localities, may found some value designing works other 
similar places. 

Coast.—The Pacific Coast, north San Francisco, embracing more 
than 800 miles, not abundantly supplied Nature with suitable 
harbors. The Puget Sound ports and the mouth the Columbia 
River the north and San Francisco Bay the south are the prin- 
cipal harbors available for deep-draft and ocean-going ships, and the 
entire coast line has few other harbors which are susceptible improve- 
ment, reasonable cost, the extent making them suitable for 
more than moderate-draft vessels. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the may 
sent mail Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussi 
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This part the coast remarkable for its boldness and continuity. 
From Port Orford, near the California State line, north the Columbia 
River, the coast continuous, almost unbroken, line, but, even 
consists succession bold headlands and sandy reaches, broken 
but few rivers. The bights between the headlands are 
filled out with bare sand reaches, usually without vegetable life any 
kind, and frequently rising dunes considerable height. The action 
the elements wearing away the headlands seems also 
directed toward filling out the coast lying between them, that 
nearly continuous shore line maintained. 

The Coast Range mountains lies close the line the coast, 
and the headlands appear portions these mountains not equally 
worn away the agencies which have eroded the remainder. These 
mountains are mostly soft, metamorphic sandstone the tertiary age, 
and are believed overlie granite, from the outcrop Point Reyes. 
passing the coast, basalt encountered Cape Foulweather, 
presumably overlying this sandstone formation. These sandstone 
headlands have supplied, their disintegration and the erosion 
wind and sea, abundance fine, loose sand which found great 
quantities everywhere along the coast from Cape Blanco the Colum- 
bia River, and even Puget Sound. The action the sea waves and 
tidal currents upon the sand the ocean bottom near shore and the 
action the wind above the water line believed have caused 
great degree the singular character the bays and river entrances 
and the existence the usual semi-circular crescent-shaped bars 
across their openings into the ocean. 

The severe action the shore the ocean waves during 
storms increased the sharp slope seaward the ocean bottom 
and the lack other land for thousands miles the westward 
and southward break the force the seas. From the Columbia 
River beyond Coos Bay the contour 500 fathoms depth the 
ocean only about miles off shore. Near Coos Bay the 50-fathom 
contour only about miles off shore, and the 700-fathom contour 
only about miles off shore.* Compared with many other coasts 
this slope seaward very abrupt, permitting great depths found 
comparatively close in. This deep water near shore and the tremen- 
dous reach the ocean the westward and southward, whence come 


Coast, and Geological Surveys. 
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the worst storms this region, are features that help make this 
coast one the most exposed inthe world. The full force and violence 
the waves therefore hurled against along this shore, unin- 
terrupted shoal water, and transmitted probably for hundreds 
miles the open sea. 

Thomas Stevenson, the English harbor engineer, has even expressed 
formula the relation between the height and force waves and 

Storms.—It was thought for long time that harbor works, 
along this part the Pacific Coast, extending into the open sea, un- 
less unduly expensive, could withstand the force these waves, and 
for this reason improvements certain harbors were formerly attempted 
constructing deflecting jetties inside the entrances where they 
were more less the hope that this work would better 
the channels across the bars without extending the construction beyond 
the general line the shore. These works, unfortunately, were only 
partially successful. 

The worst storms along this part the Pacific Coast seldom make 
shore, but come from the south and southwest, thus enfilading 
the coast. They usually start the south southeast and shift 
the westward until they reach quarter almost due southwest. 
the winter the storms are occasionally very severe and often long 
duration, and this season almost invariably blow hardest and 
longest from the southwest. the summer, the other hand, the 
wind generally northwest, and the summer gales come usually from 
that quarter. These storms and winds often set very noticeable 
off-shore current, said amount times knots, which, accordingly, 
northward the winter and southward the summer, being more 
marked and longer duration the northward. certain localities 
the conformation the shore line induces eddy currents, opposite 
direction and closer shore. 

the exposure this portion the Pacific Coast, the testi- 
mony experienced navigators, 1881, before Board Engineer 
Officers, convened report site for harbor refuge the 
Pacific Coast, went indicate that there were few localities the 
world where the seas were worse during storms. the California 
Coast these dangerous storms are less violent, less frequent and shorter 
than the Oregon and Washington Coasts, but north California, 
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especially from Cape Blanco Cape Flattery, they are frequently very 
violent and sometimes succeed each other rapid succession for 
Some navigators give Cape Foulweather, about 100 miles south the 
Columbia River and 100 miles north Coos Bay, the locus the 
worst storms. Captain Maury, Commander the City Tokio, stated 
this Board: 

such sea the world except south the two capes 
the Indian Ocean. have seen the sea break fathoms. There 
comparison between the heaviness the southwest sea this 


(Pacific) coast and which has damaged the works Cherbourg and 
other places.” 


Captain Simpson stated: 


There may such swells other oceans, but have never. 


seen them.” 

Several other vessel captains testified that they had seen the 
waves this coast break fathoms, and some said they 
had seen them break fathoms. Sometimes heavy swell breaks 
the shore dead calm, probably the result distant storm, 
the propagation the waves which favored the great 
the sea.* 

Harbors.—The character the harbors the Oregon and Wash- 
ington Coasts noticeably similar. almost every case the en- 
trance from the sea between high, bold headland the one side 
and long, low-lying tongue sand the other. Sometimes this 
tongue lies the northward the opening, Coos Bay, and some- 
times the southward, Tillamook and Yaquina Bays and the 
mouth the Columbia River. all cases some distance out from 
the opening found crescent-shaped bar, more less continu- 
ous, and usually completely encircling the entrance. These bars, from 
their insufficient depths, form the principal obstructions these 
harbors, and account, also, the shoal water these bars, the 
waves during storms often break entirely across the entrances, making 
the crossing out vessels very hazardous, even when depths are 
sufficient; or, the seas are not actually breaking, the water becomes 
rough that crossing unsafe. such cases ships are 
bound,” with ample depths the bar. The improvement these 
harbors, therefore, usually contemplates the formation deep channel 
through the bar some selected place. 


See Annual Report, Chief Engineers, 1881. 
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Bar Formation.—The main causes the formation these bars 
seem plain. The ocean bottom along the shore for some distance 
seaward composed fine sand which easily moved. The waves 
the westerly and southwesterly storms, breaking off-shore, dislodge 
great quantities this sand and carry shoreward piled the 
beaches deposited the waves and littoral currents any exposed 
openings. Oftentimes small creeks are completely closed this way. 
these cases the damming effect this sand thus piled goes 
until the quantity and difference head water inside the bar and 
outside sufficient cut new channel. 

the mouths large bays the action similar, the shoaling 
continuing most actively during the storms; erosion, however, 
greater less extent, taking place afterward the scour, due the 
water passing and out the bay the tides. Unquestionably, much 
sand also carried into the bays the flood tides, and large quantities 
this sand are then deposited sheltered places within the bay; but 
large quantities are also carried back into the ocean the ebb, the 
well-known tendency the channels tidal estuaries and bays, 
maintain their depths even deepen them, being usually sufficient 
prevent any deposit the path the currents themselves. 

The channels, reaching the ocean, are also sometimes crowded far 
the northward, Tillamook Bay, the encroachment the 
moving sand, due the southwesterly storms and shore currents, 
until the distance the water compelled traverse getting out the 
bay ebb tide enough create hydraulic head nearer the old 
entrance sufficient cause new exit cut out. some cases, 
mouth the Nehalem River, the channel crowded the 
southward similar manner the building the spit the 
north side the entrance. The direction taken the free end these 
sand spits, general thing, the direction the resultant 
sand movement that locality. 

This bar-forming action during storms has been observed Coos 
Bay, where the action the waves stirring the sand the sea 
bottom was plainly visible the discolored waters off-shore, and where, 
one occasion, during severe storm, the bar shoaled ft. single 
flood tide and scoured out again the next ebb. Again, Coos Bay, 
during long-continued period southwesterly storms, November, 
1899, the channel over the bar shoaled ft., but the cessation 
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the storms during the next month the scouring effect the tides soon 
removed this shoal down the former depth. the Siuslaw River, 
the entrance continually being forced northward, all for distance 
over mile, the constant movement the sand. This action 
continues during, perhaps, several seasons until the channel finally breaks 
through the bar thus formed, opening new exit farther the south- 
ward, which again passes through similar cycle. 

thus appears that all these harbors there are two main 
forces constantly work, one, the effect the waves, usually 
westerly storms, and the local littoral currents, fill 
shoal the entrances the rivers and bays, and the other, the scour- 
ing effect the tides passing and out, tending keep the 
entrances open. there were tidal action, the openings into the 
bays would probably close more less completely, depending the 
amount fresh water passing out, and there were shoaling 
action the sea and shore currents, the tidal scour would likely 
maintain entrances ample depths. The extent this tidal action, 
course, limited, and its location and amount are governed very 
largely such features the extent the tidal prism within the 
bay, the shape the harbor throat entrance and the existence 
littoral currents the ocean outside. ebb tide the volume 
water passing out through the harbor throat, where the width 
naturally contracted, has bottom velocity usually enough scour 
and maintain considerable depths. Coos Bay these depths are 
places much ft. the harbor throat, and the surface veloci- 
ties observed are often much miles per hour. When this tidal 
stream, however, free change direction and diverge emerging 
into the ocean the consequent changes direction, the meeting with 
outside currents, the absorption the energy the moving water 
the ocean, reduces the velocity and widens its area application 
over the entire crest the bar, that the scouring and transporting 
effect the water thus dissipated. When the velocities the ebb 
tide are reduced the ocean longer pick and move out- 
ward the particles sand composing the bottom, the bar longer 
eroded. This, certain measure, explains the usual crescentic 

may, therefore, broadly stated that the bars lying front 
the Pacific Coast harbors are apparently mainly caused the result 
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ant action the sea the one hand and that the tides the 
other, while, all cases, the deposit silt other matter suspen- 
sion brought down fresh-water currents, the mouth the 
special importance this region. 

Improvement.—This diagnosis the difficulty suggests the remedy. 
the forces going build the bars are intermittent, but con- 
stantly recurring, temporary expedient, such dredging, would 
any special value, owing the extreme likelihood such work 
being completely nullified the effect single severe storm. Any 
improvement, valuable, must, therefore, affect the causes which 
make the bar, and control the other natural forces constantly work, 
maintain the desired depths. works can devised pre- 
vent the encroachment the sand the channel and the same 
time prevent the divergence and dissipation the effect the ebb 
tides, directing these tidal currents selected 
point the bar, improvement may confidently expected. 

The method accomplishing this jetties was first commenced 
the 1881, Yaquina Bay, lying the Oregon 
Coast, about miles north Coos Bay. Here, the entrance the 
bay its original condition was obstructed the usual enveloping 
bar which the best depths, the greater part the time, were only 
ft. mean lower low water. The best depths were found usually 
north channel and south channel, both sharply skirting the 
shore opposite directions before turning seaward. Occasionally, 
depths even better than this were found, but they invariably relapsed 
into their usual condition. 


The construction single south jetty was determined first, 
close the south channel and direct this volume water over the bar 
such point produce new entrance along line nearly due 
west. This location was chosen partly with view make easier 
for vessels passing and out. The construction the south jetty 
seemed sufficient shut off the supply moving sand, borne north- 
ward along the coast the currents and racing waves storms, 
but did not give the requisite amount contraction and direction 
the ebb tide, much water escaped through the old north channel 
which was later found necessary close before much improvement 
the bar resulted. 
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was stated that before commencing work the improved depth 
that could expected would least ft. mean lower low water, 
ft. mean high tide. completion the south jetty, but 
long before the completion the north jetty 1896, channel straight 
out sea having least depth ft. mean lower low water, 
ft. high tide (the mean tidal rise above mean lower low 
water this harbor being 7.1 ft.), was produced the jetties, which 
depths have been maintained ever since, with the exception short 
period the spring 1899, when temporary shoaling about ft. 
was reported. 

These jetties were the pioneers the Pacific Coast harbor works. 
Here, for the first time this coast, rip-rap jetties were extended out 
into the open sea. Even the manner construction, the jetties 
Yaquina Bay developed the type found useful elsewhere this 
coast. first, was attempted build the rock jetties from scows 
and lighters, done places the Atlantic and Gulf Coasts. 
The effect the heavy seas encountered was too great. Likewise, the 
plan using cribs was doomed failure. The plan finally adopted, 
first used here the United States, was the invention 
Polhemus, Am. Soc. E., Assistant Engineer, local charge the. 
work. consisted building tramway from shore, more feet 
above the water, carrying double, narrow-gauge tracks, which the 
stone for the enrockment was carried small cars hauled alocomo- 
tive. This tramway required the use pile-driver running the 
tramway, overhanging far enough drive the piles the next bent 
beyond the existing end the tramway. 

Yaquina Bay, aiso, the plan building brush mattresses while 
they were suspended under the tramway, also the invention Mr. 
Polhemus, was first adopted the United States. The general methods 
doing work which were originated here, although improved many 
minor ways afterward, have never been far departed from similar 
works this coast. This work Yaquina Bay has been eminently 
successful, from engineering point view. 

The use two jetties converging seaward, found satisfactory 
Yaquina Bay, has been influential causing included, the 
projects for the improvement most the Pacific Coast harbors now 
under this kind improvement the Government, the provision for 
second jetty, should single one prove insufficient. Humbolt 
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Bay, Cal., Yaquina Bay and Coquille River, Ore., two jetties have 
already been found necessary, while Coos Bay and Columbia River, 
Ore., and Grays Harbor, Wash., the natural conditions are such that 
one jetty has already accomplished much improvement that the 
necessity for the second jetty not yet apparent. 

There are good grounds for believing that single jetty performs 
only partial service, but the Columbia River the rocky point 
Cape Disappointment acts second natural jetty, and Coos 
Bay this partial service performed one jetty has been sufficient 
thus far, while Grays Harbor the same favorable results are 
promised partial control the ebb currents. The trace 
the jetties, which side the entrance build from first, the 
length which they should extended, the distance apart 
their outer ends, are all questions upon which local considerations 
have much bearing that does not seem possible formulate 
any fixed rule for them. The questions for engineering solution 
must also affected consideration for the needs navigation; 
for the easy use the improved channels vessels prime 
importance. 

Objections.—The supposed need extending the jetties seaward 
from time time, meet the advancement the fore shore caused 
the jetties, given some objection this plan improve- 
ment. Such jetty extension has been found necessary already the 
mouth the Columbia River maintain the improved depths, but 
nowhere else thus far this coast. The sand collecting the groin 
angle between the jetty and shore causes first, nearly every 
case, rapid advancement seaward both the high- and low-water 
lines. This sand also backs the jetty, usually rendering very 
light rubble wall ample strength for all purposes. The objection 
made that account this action the jetties only transfer the 
original trouble another place pushing the shore lines and 
the bar farther seaward, soon the collected sand has filled the 
groins. This objection not very well sustained the evidence 


the facts. While may not possible every case determine 


beforehand exactly the length jetties necessary for the permanent 
improvement special locality, appears only reasonable believe 
that there length for each harbor this coast beyond which 
will not necessary extend them, the effect the littoral currents 
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and wave action their ends being sufficient keep the entrances 
clear.. 

undeniable that the construction jetties the mouth ofa 
bay produces violent change the natural condition the entrance, 
and that requires some time for the natural forces find new 
equilibrium; but Yaquina Bay, the oldest improvement this 
coast, the advancement the shore line has stopped, and, for more 
than seven years, depths considerably excess those stated for the 
project have been maintained. There evidence that any exten- 
sion the jetties this place will needed continue this favor- 
able condition indefinitely. believed that other similarly 
improved harbors, soon the proper length jetties 
similar stable condition will eventually obtain. 

Other engineers have feared that two jetties interfered with the 
easy influx the flood tide, and might damage the interior the bay 
lowering the high-tide level and lessening the scour. This result 
has not been found practice this coast. account the 
improved channel through the bar, caused the jetties, for 
other reasons not understood fully, the mean tidal range has been 
noticeably increased Coos Bay and the Coquille River, while 
Yaquina Bay reduction tidal range noticeable. 
course conceivable that laying out the plan for jetties the distance 
apart their outer ends might made too small, but with double 
jetties properly designed appears that further effect pro- 
duced than would caused moving the throat the gorge 
new point. 

Description Coos Bay.—Coos Bay lies the Pacitic Coast Ore- 
gon, about 200 miles south the mouth the Columbia River, and 
about 440 miles north San Francisco. the most important 
harbor between San Francisco and the Columbia River, excepting, 
perhaps, Humbolt Bay, Northern California, the commercial value 
which somewhat greater. Coos Bay derives its commercial im- 
portance principally from the beds coal and extensive timber lands 
found close proximity the bay, which furnish the chief exports. 
The not the best quality, being but the great 
coal this coast these measures are valuable. Large 
forests Oregon fir, much white cedar and considerable myrtle are 
found the vicinity. 
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The commerce the bay during the calendar year 1899 was 
shown Table No. 


TABLE No. anp Coos Bay, For 1899. 


ARTICLES. Tons. ARTICLES. Tons. 
RECEIPTS. 
Miscellaneous freight......... 460 Shipments—(Continued). 100 396 
Apples and potatoes.......... 501 
Butter and cheese............. 554 
717 Hides and leather............. 
Lumber (27 082 M.).. 625 Cattle and 269 
Piles, poles and spars.......... 558 
100 396 


The value this commerce estimated 558 000. 

The only connection between the area tributary Coos Bay and 
the outside world water, there being nothing thus far but wagon 
roads (almost impassable winter) over the Coast Mountains connect- 
ing with the rail lines the Southern Pacific Railroad between Port- 


land, Ore., and San Francisco, Cal. Practically all the commerce 


this region, therefore, passes over the Coos Bay bar. 

Surveys Coos Bay, made 1863, 1879, 1885, 1894 and 1899, are 

The tidal area the bay miles. There are rivers any 
special importance emptying into it. The mean range the tide 
the bar The average mean discharge average ebb tide 
estimated about 133 000 cu. ft. per second. The discharge 
neap tide 000 cu. ft. per second, while that maximum tides 
about 310 000 cu. ft. per second; ranges ft. above zero and ft. 
below zero being occasionally observed single day. Surface 
velocities miles per hour low ebb tides have been 
observed. The entrance the bay from the ocean lies between 
high, rocky headland the south called Coos Head, and long, 
low sand spit the north; the width the opening the natural 
throat gorge being about 1900 ft. Coos Head bold, tim- 
bered headland about ft. above low water, and composed 
argillaceous sandstone. extends the southward for 
couple miles, terminating Cape Arago, where the Government 
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maintains lighthouse. The sand spit the north the entrance 
about miles long and from miles wide, with hillocks 
dunes from height. separates the bay from the 
ocean. The sand beach, which this spit the southern end, 
extends unbroken the Umpqua River, distance miles the 
north. 

its original condition, the sand bar the ocean, obstructing 
the entrance the bay, carried depths usually not over ft. 
low water, shown the surveys 1863 and 1885. Occasionally, 
better depths would prevail when new and more direct channels 
through the bar were scoured out, but they were temporary only. 
The channel was likewise subject variation location 
depth. The encroachment the sand the north spit oftentimes 
forced the portion the channel just inside the entrance down into 
the opening into South Slough (see survey 1879, Fig. 2), and the 
currents thus impinging against Coos Head were turned sharply the 
northward. 

This tendency the north spit and that the south spit extend 
themselves across the entrances were two influences that helped keep 


the channel its northern location. This action continued until the 


channel, after emerging from the entrance, frequently had location 
following close the west side the north spit for over mile before 
turning sea. This location usually gave insufficient depths, 
account the great waste the ebb over the long bar, addition 
forcing vessels pass the heavy seas for over 
mile before being able cross out The survey 1879 shows 
this channel crossing what now the line the present jetty, nearly 
mile inside its present Occasionally, severe storms, this 
north channel would closed its outer end, and channel would 
then break through the bar line nearly west from Guano Rock. 
this location best depths were always found; occasionally, much 
ft. high water being reported. This practically the line the 
present improved channel. This new location and depth would last 
usually but short time, then working again the north- 
ward its cyclic change position. 

addition the sand carried into the bay storms and 
currents, great quantities were blown during the summer 
northwest winds. This sand, coming originally from the ocean 
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Survey of Engineer Department, U. S.Army,. 
July, 1886. 
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bottom, and having been thrown beach storms, after 
drying the air, easily picked the wind, and great quan- 
tities are blown into the bay. Some deposited the bay, 
and much carried the tidal currents out sea where 


deposited the bar again thrown the beach, again pass 


through this cycle. The checking this section was additional 
problem. 

Plans earliest plan improvement, adopted 
1879, was the construction jetty inside the entrance, 
where was protected from storms, and extending nearly westward 
from Fossil Point (see 1885 map, Fig. 3). This jetty was built 


rip-rap rock length over ft., and caused cutting 


the end the north spit, but had useful effect either the 
direction depth the bar channel. This project was abandoned 
1889. 

The present plan improvement Coos Bay was devised 1889 
Board Officers the Corps Engineers, Army, consist- 
ing Colonel Mendall, Major Jones and Major Thomas 
Handbury. This project provided for the construction two 
high-tide, rubble-stone jetties, laid far practicable brush mat- 
tresses, one extending out from Coos Head, distance 4,200 ft., and 
one from the southernmost end the north spit, 600 ft. long, both 
converging toward the bar and terminating apart their 
outer ends The function these jetties was control the 
sand movement the entrance the bay, direct the tidal scour 
upon special part the bar, with the expectation securing 
minimum depth ft. over the bar lower low tide, and 
afford entrance along the most navigable lines. The project also 
included experiments looking the holding the sands the north 
spit means suitable grasses, trees sand fences, seemed best, 
with view reclaiming this sand spit and checking the drifting 
sand. The total cost was estimated Between Septem- 
ber 19th, 1890, and March 3d, 1899, inclusive, five appropriations, 
amounting $675 000, were made. This amount has now completed 
the north jetty planned less than half the estimated cost. 

After careful study the local conditions, was considered best 
build the jetty first, leaving the south jetty constructed 
when the needs the harbor madeit necessary. this way, the large 
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and more important quantity moving sand could checked and 
impounded, well stopping the tendency the channel turn 
the north. was clearly evident that the north jetty would certainly 
necessary, but, before commencing work, was not plain that 
the south jetty could not dispensed with. 

The line the north jetty follows the general line the shore end 
the north spit, curve large radius, until reaches point 
900 ft. from Coos Head, from which runs out sea westerly 
direction along straight line. The total length the jetty 600 
ft., the outer end being stopped what was originally the 20-ft. con- 
tour before construction commenced, just short the bar proper, 
being assumed that the energy the current, conserved and directed 
the jetty, would effective considerable distance beyond the 
jetty’s end. quiet days low ebb, the current, running straight 
sea, now plainly traceable for long distance beyond the end 
the jetty. general view the jetty shown Fig. Plate V.* 

Construction.—The jetty construction consisted dropping along 
the line the jetty large rocks loaded from scows cars and drawn 
out locomotive along the track the overhead tramway. The 


tramway was built pile bents, each consisting four heavy piles 


driven ft. more into the sand bottom, and capped with 
12-in. ft. fir stick and sway-braced 9-in. pieces fir. 
Along these caps were placed four stringers, 16ins. ft., break- 
ing joints, and these were laid 30-lb. steel rails for the tracks. 
Originally, ties were used, but later, when greater speed for the 
trains was desirable, 6-in. ties were put in. These two tracks were 
each 3-ft. gauge, and were spaced ft. apart, center center. 
The track started with elevation ft. above low water the 
receiving wharf, but rose slight up-grade until height ft. 
above low water was reached the outer end. This was the least 
height which work could carried without much interruption 
from the waves. 

All piles were sunk into place means hydraulic jet operat- 
ing from revolving running the four rails, and having 
enough overhang drive new bent ft. advance the end 


See, also, paper Symons, Am. Soc. E., entitled Jetty Harbors 
the Pacific Transactions, Am. Soc. E., Vol. xxviii, Plate xxiv. 

view this pile-driver may found Mr. Symons’ paper, Jetty Harbors 
the Pacific Transactions, Am. Soc. E., Vol. xxviii, Plate xxii. 
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the rails. The piles were ins. diameter the butt, and 
varied length from ft. the shore end the jetty ft. 
the outer end thetramway. They were sunk grade, cut- 
off was necessary, thus considerably expediting the work. many 
five bents were placed single day, under favorable conditions, and 
260 ft. tramway, complete, were constructed one month. 

This tramway construction caused scour around the piles fast 
built, was followed soon practicable with brush mat- 
tresses hold the bottom until the rock could dumped. These 
mattresses consisted brush fascines, round bundles, ft. long 
and about ft. diameter. They were bound together into mattresses 
between layers grillages poles after being brought the needed 
thickness laying several layers fascines right angles. 
pole crossing, the upper and lower pole grillages were bound tightly 
together with stout rope lashings passing through the body the 
fascines, this way compacting the mattress. The mattresses 
placed between the outside rows piles were made below the tracks, 
the lower layer poles upon which the mattress was built being sus- 
pended for this purpose from the tramway ropes. Upon completion, 
the mattress was lowered place, weighted with small rock and sunk. 
The side mats were made shore, brought out car, dumped over- 
board, pulled into place lines, weighted with small rock and sunk 
place. The side mattresses were usually about ft. square, and the 
center ones were from ft. long ft. wide. They were usually 
made from ft. thick. The main enrockment then followed. 

The rock was pieces weighing average about tons*, and 
was sandstone only moderate hardness, weighing about 145 lbs. per 
cubic foot. was quarried Coos River, about miles from the jetty. 

Seven scows, costing about 000 each, and each carrying about 
290 tons, were built for this work the Government. These were 
loaded and towed the jetty, that two scows each day could 
unloaded. several months, deliveries 000 tons per month 
the jetty were made, under favorable conditions. 1896 the 
Government contracted for supplying the rock scows the receiv- 
ing wharf the north spit and unloaded hired labor, but, after 
this date, contracts were made for the stone place the jetty. 


view the dump cars, loaded with rock, may found Mr. Symons’ paper, 
Jetty Harbors the Pacific Coast,” Transactions, Am. Soc. E., Vol. xxviii, 
Plate xxiii. 
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Dumping from both tracks continued until the mound was well 
above high-water line, extra amount, provide for beating down 
waves, being the outer end when that part was built. The 
slopes were those which the enrockment took naturally under wave 
action. Sections recently made the outer end, where the worst 
wave action takes place, show that below level ft. below mean 
lower low water the slope about but above this level the 
slopes were about Two 15-ton derricks were used the wharf 
unloading, the stone being meusured first water displacement 
scows, but later track scales. The latter method far the 
more satisfactory, both the contractors and the Government. 

The dump cars* were special pattern, designed Mr. Sey- 
mour Fleet. They were arranged that the car platform was remov- 
able, making skip that could loaded the scow and then hoisted 
place the car. The skip when place the car was swung 
horizontal trunnions that when loaded the equilibrium was unstable, 
the skip and the load being held position rack and pinion worked 
worm gear one end the car. This worm gear was arranged 
that the stone when once started could dumped either side turn- 
ing the worm; the gear could thrown out action removing pin, 
allowing the stone the run. The center gravity the empty 
car platform was placed that its weight tended return place. 
This design made possible for one man dump train six seven 
cars few minutes. Cars this pattern were used extensively the 
Columbia River jetty, where they were likewise found very satisfactory. 


Cost.—The entire plant used this work, with its original cost, 
consisted the following: 


geared dump cars, about.......... $800 each. 000 
Fairbanks track 400 
15-ton Lidgerwood hoisting engines 

300-ton deck scows, at............... 2000 000 

revolving track piledriver, entire..... 000 
Wharves, buildings and small tools, 

$75000 


view the dump cars, loaded with rock, may found Mr. Symons’ paper, 


Jetty Harbors the Pacific Coast,” Transactions, Am. Soc. E., Vol. xxviii, 
Plate xxiii. 
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The detailed cost the work was approximately follows: 


$1.75 $2.25 per cubic yard. 

Piles delivered rafts the cents per linear foot. 

Rails, per linear yard................ $48 per ton delivered. 

Common labor, $1.75 $2.00 per day, and other labor propor- 
tion. 


The jetty tramway, complete, but exclusive superintendence 
plant, cost $3.25 $4.60 per linear foot, depending the length 
the piles used. The average cost was $3.60 per linear foot. 

The average cost the mattresses place was cents per cubic 
yard. 

The average cost the stone was cents per ton, made 
follows: 


Quarrying and loading cents per ton. 

Unloading and dumping place.............. 


The total cost the jetty was about $70.30 per linear foot, the 
average quantity stone per linear foot being tons. The outer 
ft. have taken much more than the average, 350 tons per linear foot for 
this distance being placed. This has been mainly make for subsi- 
dence caused storms. 

The average cost per linear foot shows very favorably when 
compared with others this coast: 


may stated, however, that conditions for quarrying and trans- 
porting stone Coos Bay are very favorable for this kind work. 

extending the jetty, but little effect the bar was 
noticed until the old swash channel the north the entrance was 
closed 1892. From this time on, the jetty was extended, the effect 


the bar was more favorable with each extension. 1893, the depth 
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desired, viz., ft., mean lower low water, was found the bar, 
and from that date the present time this has been the ruling depth. 
With one exception, November, 1899, when the depth shoaled for 
several weeks ft., due long and severe southwesterly storm, 
depth from ft. has been maintained for seven years. Thus 
far, this improvement has been eminently successful. Whether the 
good results already obtained will permanent without 
extending the north jetty, whether the south jetty will ulti- 
mately necessary, cannot definitely foretold present. appears 
probable, however, from the most recent surveys, that the south jetty 
will needed before the occasional lapping the south spit around 
the entrance southwest storms can controlled. 

The shore line has followed out, the construction the jetty 
proceeded, backing the jetty with sand and thus strengthening the 
shore end it, that but little new work has been necessary this 
part since the first work was done. This new shore line from 200 
000 ft. advance its original position. The large quantity 
sand thus impounded practically all saved from injuring the chan- 
nels, and the work the ebb tides deepening the bar thus made 
considerably less. 

Experiments holding this sand from drifting have been made 
planting numerous kinds trees, grasses and Scotch broom, and 
using sand fences. The best results were obtained using the Hol- 
land grass (Arundo Arenaria), which has been found effective the 
Golden Gate Park San Francisco. This plant slow growth 
first, but when once takes root grows with great persistency, catch- 
ing and holding sand until oftentimes mounds ft. high are 
made. Long patches, amounting all about acres, have been 
newly set out, the belief that will bind the sand the areas 
covered. 

Remarks.—In reviewing the details the construction, two points 
appear which are not yet sufficiently developed this kind con- 
struction: One the value brush mattress, and the other the 
means maintaining full height the outer ends the jetties 
sea such storms are found the Pacific Ocean. 

The function the mattress hold the bottom beyond the end 
the enrockment during jetty construction and prevent the scour 
which would otherwise naturally take place and thereby add the 
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quantity rock necessary. This holding action probably secured 
checking the currents and entangling the twigs and meshes the 
sand borne them. Mattresses also prevent the flow currents, 
through the interstices the enrockment, sand the bottom. 
Such currents might, long action, undermine the jetty; and, fur- 
ther, where the expected scour occurs the channel, supposed 
that any undermining caused racing currents too close the 
jetty, the mattress, being flexible, will shape itself the new bottom 
and stop further cutting. has never been shown this coast that 
these functions are more than partially performed. 

believed that the mattresses, after being loaded with rock, are 
squeezed into very much less than their original volume, probably less 
than half. The comparatively high cost and difficulty placing mat- 
tresses, and the time occupied, make appear that, volume the 
completed jetty, the rock considerably cheaper and better, being 
unaffected sea worms. The plan doing without mattresses 
altogether has been tried special place the north jetty Coquille 
River and the jetty Siuslaw River. The time short since this 
was done, but difference settlement has been yet noticed. 
Humbolt Bay, Cal., Lieutenant-Colonel Heuer, Corps Engi- 
neers, abandoned brush mattresses 1898, using mattress small 
stone foundation for the jetty enrockment that place. This 
practice followed experiments several years both jetty and spur 
construction where mattresses small stone were used with very 
satisfactory Small rock can follow the tramway construction 
faster than brush mattress, and much scour around the piles thus 
avoided strong currents. The necessity and wisdom using mat- 
tresses, especially water more than ft. deep, questionable. 

weak point, thus far, all jetty construction this coast the 
difficulty maintaining the outer ends sufficient height. The 
heavy seas storms break over the top the enrockment and slowly 
batter down its height. The Columbia River jetty now requires con- 
siderable raising its outer end compensate for this action. The 
Humbolt Bay jetties are likewise beaten down their outer ends. 
Coos Bay jetty has been twice built ft. above low water, and twice 
has been beaten down below low water, and the extreme end 
was found that previous work, originally built well above high water, 


Annual Report, Chief Engineers, Army, 2949. 
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had been beaten down about ft. below low water, this being 
apparently the limit below which the wave action not especially 
destructive. The Coquille River jetties have been somewhat lowered 
their outer ends; and Yaquina Bay, where the jetties are more 
less protected outlying reef, the subsidence has been unimportant, 
but even here there has been settlement the outer ends from high 
low-tide levels. 

seems plain, after watching the action the waves Coos Bay, 
that this beating down progressive, commencing the extreme end 
only. The jetty never much damaged back the outerend. The 
jetty being almost head the usual direction the severest waves, 
the largest blocks, weighing tons, are often picked first with 
the advancing wave and then rolled carried down the slope, with the 
fall the water following. Experiments with concrete blocks weigh- 
ing about tons each were made during last year. These blocks were 
made place exposed point see what the action the sea 
would be. Several were moved, and one was rolled the waves down 
the enrockment the low-water line. appears, therefore, that 
blocks this size would probably for permanent random 
covering for the enrockment. some solid structure, strong enough 
protect the outer end, could built, thought the jetties might 
maintained effective dimensions much more easily. Such per- 
manent end, course, should not placed uutil the proper length 
the jetty had been ascertained. 

Several methods are suggested which these outer ends could 
better held: One, using for the enrockment random covering 
large concrete blocks, each weighing about tons more, for protect- 
ing the outer end the jetty; and another, constructing monolith 
concrete bags resting broad rip-rap foundation brought 
the level about ft. below low water, the monolith topped above 
low water with concrete placed moulds, the whole placed from 
platform resting iron screw piles, which could left support and 
strengthen the structure afterward. 
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THE LAWRENCE, MASS., CITY FILTER: HIS- 
TORY ITS INSTALLATION AND 
MAINTENANCE. 
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PRESENTED JUNE 1901. 


Introductory.—The preparation this paper has been undertaken 
order that the story this interesting engineering work, and, par- 
ticularly, account its operations, might recorded one narra- 
tive, with all the necessary data hand for study conditions and 
effects produced thereby. 

One the writers was member the Lawrence Water Board* for 
five years, from January 1895, and, during that time, had oppor- 
tunity learn the details the cost operation and the results 
changes methods. The other has had occasion study the records 
and determine the efficiency the filter from the standpoint the 
unbiased investigator. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either ora] written, will published 


subsequent number of. Proceedings, and, when finally closed, the papers with discussion 


The members the Water Board for 1901 are Mr. Robinson, President, and 
Messrs. Daniel Gallagher, Desmond, Edward Arundel and Charles Donovan, 


whom the writers are indebted for allowing much the information the files the 
Board become available. 
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Many the data and statements portions the paper preced- 
ing and including Description and Construction” have been largely 
compiled from more complete descriptions other publications. 
This action appears amply justifiable account the value hav- 
ing these data, for which originality can claimed, comprehen- 
sive form for reference and study. The writers make this statement 
order that there may misunderstanding the authority for 
all such information, the credit for which has been given each case. 


LAWRENCE. 


The City Lawrence situated the northeasterly part the 
State Massachusetts, not far from the New Hampshire boundary 
line. the second largest city Essex County, and ranks 
the seventh population among those the State. The entire 
area, which about 7.3 sq. miles, rather compactly built up, the 
larger and denser settlement being the northerly bank the 
Merrimac River, with smaller and now rapidly developing section 
south the stream. The growth the city since its first settlement 
1843 has been vigorous. 


-TABLE No. Mass. 


Date. Enumeration Population. 

Town. 949 

U.S. 17 639 
Mass. 84 916 


The city distinctively manufacturing community, and its popu- 
lation, like others New England having similar industries, embraces, 
besides native Americans, many foreign descent. large proportion 
the people has lived well-constructed tenement buildings, owned 
the mill corporations, and maintained, particularly during the early 
history the town, under favorable sanitary regulations; all which 
tended promote state general good health, superior that 
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many manufacturing cities this character. the present time, 
while there restricted portion which the conditions are more like 
those which usually obtain thickly populated factory cities, the 
foregoing statement regard the hygienic conditions true for 
most the city. 

The statistics the population Lawrence, given successive 
census reports, are shown Table No. 


Water-Shed.—The Merrimac River formed the union the 
Pemigewasset and Winnipiseogee Rivers, near the central part New 
Hampshire. Thence, takes generally southerly course point 
the neighborhood Lowell near the Massachusetts-New Hampshire 
boundary line, where turns sharply and flows northeasterly 
direction the Atlantic Ocean. The source the first-named tribu- 
tary the southwesterly slopes the Franconia Mountains, while 
the latter flows from large lake the same name, and the water-sheds 
both rivers are very rugged. the main river flows southward, 
the country becomes less mountainous, until the southerly portion 
New Hampshire and the northerly part Massachusetts, rolling 
and abounds hills which are often steep but great height. 
Along the lower course the river the water-shed area quite flat, 
particularly the down-stream portion the valley the Concord 
River (the principal tributary entering the Merrimac within Massa- 
chusetts), where large areas flat meadow and swamp land border 
upon this stream. 

Sanitary Conditions.—At Concord and Manchester New Hampshire 
and Lowell and Lawrence Massachusetts, large water powers have 
been developed. These are quite thoroughly utilized many textile 
and other industries, some which steam also used 
auxiliary source power. The tributaries the river above Lawrence 
have also been developed for water power many points, which 
mills (the largest which are Nashua, H.), have been erected 
and are operation. From all these places manufacturing refuse 
and waste various kinds turned directly into the stream. Above 
Lawrence the river receives the unpurified sewage Concord, 
Franklin, Laconia, Manchester and Nashua New Hampshire, and 
Fitchburg, Lancaster and Lowell Massachusetts, having, 1900, 
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aggregate population further receives the purified 
from sewage disposal systems the towns Clinton, Concord, 
Framingham, Marlborough, Natick and Westborough Massachusetts, 
having, according the census 1900, total population 118. 

1878 the Legislature Massachusetts, special enactment, 
made the Merrimac River free receptacle for sewage, the quantity 
which has been greatly increased from year year, until, 1900, the 
amount such pollution entering the stream directly, estimated 
have been gall. every 40,* flowing driest times the stream past 
the city Lawrence, gall. every 200,* representing the average 
flow the Referring the pollution the Merrimac River, 
prior its purification for the water supply Lawrence, Mr. Hiram 
Mills, Chairman the Committee Water Supply and Sewerage 
the Massachusetts State Board Health, communication the 
Mayor the city, dated January 30th, 1891, stated: 

amount sewage that has directly entered the river and its 
branches during the chemical examinations the past three years 


(1887-1890), has been estimated about gall. 600 galls. the 
river water passing comparison these data indicates 


that the increase polluting matters entering the river during the past 
decade has been very marked. 


The total area the Merrimac River water-shed above the Lawrence 
Dam estimated sq. miles, containing total population 
500 about 110 persons mile, which figure about 


persons-represent urban population cities and towns, having 1900 
over 000 people. 


The water power the stream Lawrence has been developed and 
controlled the Essex Company, which, from 1845 1848, constructed 
long dam, averaging ft. height, across the stream near the center 
the city. The mill pond formed the dam extends stream 


These figures, respectively, are based upon the assumption that the Merrimac 
River receives amount crude sewage equivalent and 100 galls. per day per 
person resident the water-shed above Lawrence cities provided with sewers which 
discharge without purification directly into the stream. 


Annual Report, Massachusetts State Board Health, 1890, 533. 


This figure has been obtained using basis the estimated population, 1885, 
living the water-shed the Merrimac River above the dam Lawrence (Special 
Report, Massachusetts State Board Health, 1890, From these data, the popula- 
tion rural districts the water-shed both New Hampshire and Massachusetts was 
obtained and the numbers adjusted the year 1900. The adjustment was accomp- 
lished using the estimated percentage growth the entire rural districts both 
States during the period from 1885-1900. The population the cities and larger towns 
upon the water-shed the river above Lawrence was determined accurately from the 
census enumeration 1900. The total water-shed population thus obtained believed 
represent quite closely the actual conditions the present time. 
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Hunt’s Falls, Lowell, distance about miles, and the entire 
volume water stored therein roughly estimated equivalent 
about hours’ flow the river during times flood; while, during 
the driest periods, from days may required entirely 
ehange the water stored the pond above the dam. The ordinary 
dry-weather flow the river, which comparatively large owing 
the very considerable storage obtained Lake Winnipiseogee and 
other controlled bodies water the lake region New Hampshire, 
estimated one-fourth the average yearly flow, and probably 
sufficient change the water the pond above the Lawrence Dam 

Muddiness River.—Usually, the water the Merrimac the 
intake the Lawrence Water-Works does not contain large amount 
suspended matter, such clay silt, the normal quantity being 
estimated about parts per million.* During freshets, how- 
the amount silt carried the stream greatly increased; but 
this material, being comparatively coarse structure, requires 
great length time for settlement, that few days after severe 
storms, the water again assumes its normal character. 

April, 1895, during period severe freshet, study was con- 
ducted the Lawrence Experiment Station determine the maximum 
quantity solids contained the water the river such times, 
together with the rapidity settlement and the consequent interval 
required the water return its normal April 
16th, during the height the flood, the water flowing the river was. 
found contain total solids the amount 110 parts per million, 
which, parts, about 5.1%, represented organic matter lost 
ignition. tube ins. diameter and ft. long was filled with this 
water and was allowed stand quiescent for hours, the end 
which time samples were taken from various depths for analysis, the 
results which showed that uniformly the upper ft. the tube 
the water contained from parts per million total solids, while 
the lower foot the heavier particles, representing nearly 030 parts 
per million, had collected. The percentage loss ignition the 
solids found the upper portions the tube varied from the first 
the fifth foot from the top. 


Report the Purification the Washington (D. C.) Water Supply, 1901; page 
Annual Report, Massachusetts State Board Health, 1895, pp. 527-528. 
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The results examination the water flowing the river 
April 16th and eight succeeding days are Table No. 


THE FRESHET 1895. 


Date Percentage solids found 
Parts per million. April 16th, 

452 18.1 40.7 
162 38 23.5 14.6 
111 27 24.3 10.0 
73 14 17.9 7.0 
45 8 17.8 4.1 


million. Total Solids excess this quantity probably, therefore, represents, 
quite closely, Suspended Matter carried the stream. 

April 25th the river had returned its usual condition, the total 
period during which the amount silt, due the freshet, was abnor- 
mally high being days; while only days were required either for 
90% the solids settle out the water, else for the very turbid 
water pass and water containing only 10% the maximum 
amount mud take its place. 

Table No. has been prepared order that certain data relative 
the water-shed the character the water the Merrimac may 


compared with those other streams regard which similar infor- 
mation available. 


CONSIDERATION IMPROVEMENT THE WATER SUPPLY. 


Old Filter Gallery.—When the water-works were constructed, from 
1873 1876, provision was made take water directly from the Mer- 
rimac River through 36-in. cast-iron pipe, 132 ft. long, beginning 
the river, and extension, through ft. 4-ft. brick conduit, 
well located under the pumping station. was also provided that 
clarified water should drawn from stone and brick filter gallery, 
ft. width and height, and 300 ft. long, extending down stream from 
the pumping station right angles the direct inlet pipe and conduit. 
The elevation the bottom the conduit, and that the gallery, 


River water after passing through filter paper, has been equal about parts per 
| 
| 


3 
(=) 
mM 


Merrimac River.—Results were obtained averaging the records the reports the Massachusetts State Board Health. 

Maximum total solids determined sample collected during height April, 1895. 

Maximum suspended matter estimated from comparison the above figure with the maximum amount total solids determined 
after passing through filter paper. 

suspended matter represents estimate Board Experts, Purification Washington (D. C.), Water 1901, 

Oxygen the average for years (1893-1899). 

the average for years (1893-1899) 

For remarks method analyses, see note, Table No. 17. 

Hudson urban population places 000 inhabitants and over 59; the total was obtained estimating increase 15% 
the rural population for the ten years from Transactions, Am. Soc. E., Vol. xliii, 248. 

Results examination the water the back channel the river the intake the filter plant were kindly furnished George 
Bailey, Am. E., Superintendent the Albany Water-Works. 

Bacterial result represents data from September, 1899, September, 1900, inclusive. 

Potomac River.—Determinations made river water which had settled about 3.5 days. 

See Report Feasibility and Propriety Filtering the Water Supply Washington, C., pp. 12, 18, and 89. 

Bacteria per cubic centimeter represent average examinations during months (July, 1899, February, 1900). pp. and 87. 

Estimated average suspended matter unsettled Potomac River water parts per million. See Report Purification Washington 

Allegheny and Monongahela Rivers.—Population per square mile represents the estimated urban population only the principal cities and 
towns. some which, however, had not more than 500 inhabitants. 

compiled from Report Filtration Commission,” Pittsburg, 1899, pp. 32, 238 and 271. 

Bacterial result for Allegheny River the average from August, 1897, January, 1900, inclusive. See Journal, New England Water-Works 
Association, September, 1900, Vol. xv, No. pp. 154 156. 

Ohio River Water Purification,” Cincinnati, pp. Total water-shed area, including Licking 
River miles. Figure for water-shed includes urban districts only. Averages for and Consumed 

Ohio River Report Feasibility and Propriety Filtering the Water Supply Washington, 1900, 89; from 
table prepared George Fuller. See also Report Water Purification Louisville, pp. and 31. 

Figure for population water-shed includes total inhabitants. The urban population 220 cities and towns estimated per square 
mile. 
Averages for and Oxygen were calculated from data pp. excluding the months August and December. 
Bacterial result for the period from October, 1895, July, 1897, inclusive, excluding August January, 1897, 39. 
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TABLE No. WATER-SHEDS AND AVERAGE COMPOSITION WATER CERTAIN REPRESENTATIVE RIVERS 
UNITED STATES. 


Name river. 


Point 
measurement 
and 
examination. 


Potomac...... 


Allegheny..... 


Monongahela. 


.|Washington... 


ion per 
water- 


square 


mile 
shed, 1900. 


miles. 
Estimated populat 


Water-shed 
Average color. 


Total solids. 


Maximum. 


110 
163 


CHEMICAL DETERMINATIONS. 


Parts per million. 


Suspended Average nitrogen 


matter. 


! 


Ammonia. 


consumed. 


Average oxygen 
rine. 


Nitrates. 
Average chlo- 


per cubic 


centimeter. 


hardness. 
Average bacteria 


Average total 


a 
— 


| 


900 


Period covered analyses. 


1888 1899, 
March 
September, 
1900. 
1897 1900. 
August, 
1897. July, 
1898. 


1895 1897. 


- 
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about Elevation 26, the same the floor the pump-well, practi- 
cally ft. below the water the river. The filter gallery was 
constructed stratum coarse gravel, with side-walls laid cement 
but not thoroughly tight. The bottom consisted cross-blocks 
granite, ft. wide and spaced ft. apart, filled between with small 
stone. The roof brick masonry arch, ins. thick. 

was the original intention use water from the filter gallery 
such times the river carried undesirable amounts silt suspension, 
although the time construction, was uncertain whether not the 
full supply for the city could obtained for all time through this struct- 
ure. Its inadequacy meet the requirements the city was soon appar- 
ent, and, the first annual report the Water Board, dated January Ist, 
1877, was stated that sufficient water would not percolate through the 
gravel the gallery, and that had become necessary excavate 
channel between this structure and the river. The channel had, the 
lower end, direct open connection with the river, which allowed the 
water flow back along the side the gallery. this means, its 
capacity was, for time, apparently increased, though not the required 
amount, and further extension the works down stream was considered. 
enlargement the channel, 1878, failed produce adequate 


increase the yield from the gallery. The report the Water Board 


for this year gave evidence the development belief that the 
importance sufficient supply clear, wholesome water demanded 
some better mode filtration than that then use. 

the eighth annual report, for the year 1883, was stated that 
was apparent that the gallery was gradually silting up, and most the 
water came from the land side. evident, therefore, that from the 
very first, the filter gallery was incapable furnishing the whole supply 
for the city, and that its capacity constantly diminished until was 
practically insignificant, inasmuch the flow from the hillside was 
inconsiderable compared with the demands the city’s consumption. 

Various several occasions, after the introduction 
public water supply, was noticed that outbreaks typhoid fever 
Lawrence followed prevalence the same disease Lowell, and 
the latter part 1890 attention was again called with anxiety the 
excess this disease the city. The citizens, generally, boiled the 
water for drinking purposes, and many the schools, mills and dwelling 
houses were supplied from springs the suburbs. January 
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1891, conference was held between the Water-Works Committee the 
City Councils and the past and present members the Water Board. 
This meeting resulted better understanding the need un- 
polluted drinking water for the people but there was diversity 
opinion the relative merits entirely new and uncontaminated 
supply from some the New Hampshire ponds, and the old supply 
from the Merrimac River, suitably purified filtration. 

About the middle March, 1891, Salem Water Company 
was incorporated the New Hampshire Legislature, with the ostensible 
purpose furnishing water the town Salem, H.; but the 
same time there were granted the company such broad charter powers 
that other rights the waters southern New Hampshire were pre- 
cluded. Meanwhile, long series experiments conducted the 
State Board Health, under the supervision Mr. Hiram Mills, 
since the establishment the Experiment Station Lawrence 1886, 
had given evidence that the water the Merrimac River could ren- 
dered entirely satisfactory and safe for drinking purposes intermit- 
tent sand filtration. The Water Board June 22d, 1891, presented the 
City Councils report covering the whole question the improvement 
the supply, which were stated the several objections supply 
from wells, and supply from Great Pond North Andover, from 
ponds southern New Hampshire, and finally reeommended that the 
use water from the Merrimac River continued, but that 
filtered—the system filtration determined subsequently. This 
report was accepted and referred the Committee Water-Works, but 
other action was taken. About this time petition was presented 
the city government prominent citizens, and discussed joint 
convention held July 22d, 1891, asking for the appointment com- 
mission, independent the Water Board, consider the entire water 
supply problem, but action upon the petition was taken. 

Advice State Board Water Board 1892, Feb- 
ruary 29th, requested the advice the State Board Health relative 
mechanical filtration. board, March 9th, stated that was 
unable advise that any the rapid mechanical filters then use would 
purify the Merrimac River water sufficiently insure exemption from 
typhoid fever, but they did advise, however, that process slow 
intermittent filtration rate 400 000 galls. per acre per day, bac- 


The information this section has been obtained from the Reports the Massa- 
chusetts State Board Health. 
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teria could very completely removed. June 5th, 1892, the State 
Board Health, answer subsequent communication, dated 
May 6th, relative filtration through sand, advised the Water Board 
that satisfactory purification river water would obtained 
with sand filters proper material ft. deep, operated rate 
1500 galls. per acre daily. was also stated that, order 
produce satisfactory results, was deemed necessary free the 
river water from the sediment carried during freshets, before apply- 
ing the filters, which could located conveniently upon 
the hill just above the reservoir. accomplish the preliminary 
the water, was advised that filter sand 
should provided the river bank. The Board Health also 
advised that, its judgment, marked decrease the death rate 
from typhoid fever could brought about simply the construc- 
tion and proper maintenance the filter referred to, the river 
bank. Furthermore, was strongly that the excessive 
death rate from typhoid fever demanded that some method purify- 
ing the water adopted once. 

Filter Construction.—The Water Board concluded that the project 
build filter the river bank was the more feasible, and decided 
proceed with its construction, according plans and directions 
given the State Board Health. August 4th, 1892, visit 
the State Board Health, the Water Board and city officials was 
made the proposed site. The City Councils granted the Water 
Board permission directly afterward expend $20 000 its earnings 
for the purpose filter construction. Ground was broken Sep- 
tember 10th, and 150 men placed upon the work. November 13th, 
additional $10 000 was allowed for its further prosecution, and this 
sum was found sufficient until the end the year. 

the beginning the new year, owing feeling uncertainty 
the part the City Councils the promised action the filter 
purifying the river water, there was considerable discussion regard 
renewing the work construction. However, was finally decided 
February 13th, 1893, proceed with diligence, under the joint 
direction the Water-Works Committee the City Councils and the 
Water Board, the cost being provided from the Incidental Fund. 
After October 1st, the expenditures were again charged the water- 
works account. The filter was completed and water turned Sep- 
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tember 20th, 1893, and has continued furnish the city with filtered 
water the present time. 


The cost construction the filter the end the year 1893 


was about $65 500. Additional construction, for the most part under- 
taken with view facilitate operations and render the maintenance 
more efficient and less expensive, has been carried out from time 
time, the cost which appears detail later portion this 
paper. 

DESCRIPTION THE 


The Lawrence City Filter was designed Mr. Hiram Mills, 


Chairman the Committee Water Supply and Sewerage the 


State Board Health Massachusetts, whom credit due for the 
giving his time and energy bringing about such benefit the 
city. 


Location and filter located, shown Fig. 


the northerly bank the Merrimac River, one mile above the 


Essex Company’s Dam, and immediately east the pumping station. 

somewhat irregular outline, having total length about 
750 ft., average width 140 ft., and surface area, including the 
main carrier, 2.44 acres. The filter surface divided transverse 
carriers into portions beds, each having average width ft. 
This gives available filtering surface, including lateral carriers, 
2.36 acres; or, without these carriers, about 2.3 acres. 

constructing the filter, the bed and bank the river were exca- 
vated generally ft. below usual low water (equal Elevation 37, 
which the top the flash boards the Essex Company’s dam), for 
distance about 150 ft. southerly from the old filter gallery, and 
the river bank east, down stream, sufficient distance for the total 
length the filter. Suitable material from the excavation was placed 
tight embankment the ends and the side toward the river, 
such height ft. above usual low water, and high enough 
exclude freshets. 

Main Conduit and underdrain pipes which extend 
across the filter from north south, were arranged with centers about 
ft. apart. For width ft. along the line drain pipe the exca- 


This largely abstracted from the paper the designer, entitled 
The Filter the Water Supply the City Lawrence and Its which 
the writers refer for further details not given here. (See 25th Annual Report, for 1893, 
Mass. State Board Health, pp. 545-560.) 
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vation was continued Elevation 29, and midway between the lines 
underdrains, for width ft., the depth the excavation was only 
Elevation 31. The bottom between these two levels, for width 
ft., was excavated with 10. Thus will seen 
that the bottom the filter when excavated, ready receive the filter- 
ing material, was waved, with alternate level ridges between the lines 
underdrains, and flat valleys which the underdrains themselves 
were placed. 

The old filter gallery extended easterly along the northerly edge 
the excavation for the filter, from the pumping station the westerly 
up-stream end, through distance 300 ft. point about oppo- 
site Bed No.11. From the gallery main conduit was extended east- 
ward the filter beds, running parallel with and about ft. south 
the northerly edge the filter. This conduit circular shape and 
its westerly portion ins. thick, and built brick laid without 
mortar the end joints, thus allowing spaces little more than in. 
wide for the entrance filtered water. The conduit ft. diame- 
ter for 105 ft. from the end the filter gallery; thence ins. for 120 
ft.; ins. for ft.; ins. for ft.; continuing with successive 
lengths ft. each vitrified pipes having diameters 10, and 
ins., respectively. The entire conduit was surrounded with ins. 
gravel, the inner ins. being stones about ins. diameter, and 
this was covered with layers stones decreasing sizes. 

From the conduit and old filter gallery, which was pierced suit- 
able places for the purpose, lateral underdrains vitrified pipe were 
southerly direction upon the excavated bottom, with slope 
100, for distance equal four-tenths that from the 
main conduit the southerly edge the filter. Beginning the 
main conduit, the pipes were laid the following order: One length 
10-in., two lengths 8-in., from ft. 6-in., ending with 
three lengths 4-in. The pipes were placed that the spigot end 
one approached, but did not enter, the bell end the next, and the 
drains throughout were covered 4-in. layer 2-in. gravel. Upon 
this layer, which averaged about actual depth, there were placed 
successive courses gravel the following sizes and the approxi- 
mate thicknesses (given for average section) make total 


in. gravel, then in. coarse mortar sand. The course 
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material was spread out width ft., and the course 
was spread out width Beyond the pipes, the largest stones, 
forming the lowest course, were laid upon the surface the excavation 
and were spread out general width ft., with the next courses 
each spread out little beyond the one just below. The 1}-in. gravel 
extended southerly within 12.5 ft. the edge the main distribut- 
ing channel, with the end the coarse sand 7.5 ft. further south. 

The largest stones used the underdrains were selected hand, 
and, covered with dust dirt, were washed. The smaller sizes 
were obtained screening, but were not washed. The stones the 
two larger sizes, namely, 2-in. and were placed hand the 
open joints the pipes, but the layers smaller sizes were all shoveled 
place The arrangement all the above-mentioned material, 
including the sand, shown for several sections Fig. 

Filter Sands.—Immediately over the center lines the underdrains, 
that is, over that portion the beds excavated the greatest depth, 
and extending ft. either side, there was placed body sand, with 
maximum depth ft. the center. Over the ridges the excava- 
tion for the filter, midway between the lines underdrains and for 
distance ft. either side, there was placed body sand, having 
minimum depth, over the flat portion the ridge, The 
effective size the sand over the underdrains was approximately 0.25 
mm. and the remainder was about 0.30 mm. 

will seen this construction that the lowest portions the 
filter surface are those directly over the ridges the excavation and 
half way between the underdrains; the general elevation the surface 
these parts being ft. below the usual low-water elevation the 
river, and ft. below the sand surface over the underdrains. For 
width ft. over the center lines both ridges and underdrains the 
surface the sand flat, and between these level areas the sand has 
slope This form surface suchthat water can readily 
introduced upon the filter refill, without producing currents suffi- 
ciently rapid cause appreciable disturbance. 

Sand and gravel for the filter were obtained from large deposit 
back from the river, and distant about mile from the works. The 
material found this place was means uniform, and suitable 
grades were obtained selecting certain layers and pockets, and 
judicious screening and mixing these various kinds. 


| 

dae 

4 

| 

j 


KNOWLES AND HYDE LAWRENCE, MASS., FILTER. 243. 


ELEV.35 


ELEV.34 


0.30 MM. SAND 
(ORIGINALLY) 
ELEV.31 


0.25 MM. SAND 
(ORIGINALLY) 


0.25 MM. SAND 
(ORIGINALLY) 


0.30 MM. SAND 
(ORIGINALLY) 


ELEV.29 


No.1. CROSS-SECTION AT NORTH END OF BED. 


ELEV.35 


0.25 MM. SAND 


0.25 MM. SAND 


0.30 MM. SAND 
(ORIGINALLY) 


ELEV.34 
0.30 MM. SAND 
(ORIGINALLY) 
ELEV.31 
aa” 29 


No.2, CROSS-SECTION AT BEGINNING OF PIPE UNDERDRAIN. 


ELEV.35 
ELEV.34 ELEV.34 


0.30°MM. SAND 
(ORIGINALLY) 
ELEV.31 


0.25 MM. SAND 
(ORIGINALLY) 


0.25 MM. SAND 
(ORIGINALLY) 


0.30 MM. SAND 
(ORIGINALLY) 


ELEV.29 
No.3. CROSS-SECTION AT SOUTH END OF BED. 


SCALE IN FEET FOR NOS,1, 2, AND 3. 


5 5 10 15 


20 
ELEV.35 


ELEV.34 


0.30 MM, SAND 
(ORIGINALLY) 


0.25 MM. SAND 
(ORIGINALLY) 


0.30 MM. SAND 
(ORIGINALLY) 


ELEV.31 


No.4. CROSS-SECTION AT END OF LOWEST GRAVEL UNDERDRAIN. 


; ELEV.45 ELEV.46 SCALE IN FEET 
MERRIMAC 
NORMAL LOW 


No.5. LONGITUDINAL SECTION OF A BED, AT WESTERLY END OF FILTER. 
SCALE IN FEET 


TYPICAL SECTIONS UNIT LAWRENCE CITY FILTER, 


APRIL, 1901. 
COPIED FROM PLAN FURNISHED By A.D. MARBLE, CITY ENGINEER. cer 


SSS 
| 
| W 36 NORMAL HIGH WATER ON FILTER 
. 3 


AND HYDE MASS., FILTER. [Papers. 


Care was taken depositing the sand the filter render the mass 
homogeneous possible. was placed two layers. The first 
layer was covered with planks fast deposited, and, upon the plank 
platform, loads were hauled and dumped near the edge, that part 
fell naturally into place, and the remainder was shoveled. Material, 
exposed sun and wind before being finally placed, was shoveled 
over, lessen the danger from the collection the larger particles 
the bottom dry piles sand. The second layer was dumped upon 
platforms resting the first and then shoveled position, the com- 
pacted sand the first layer beneath the planking being first spaded 
depth ft. before the second layer was placed. 

Intake and System Distribution.—The direct conduit, which 
water was formerly supplied from the river the pumping station, 
the westerly up-stream end the filter, and the flow through 
was controlled gate the inner end. About ft. southerly from 
the engine-house, the top this conduit was pierced and two cast-iron 
pipes were set chimney built this opening. The pipes are ft. 
diameter, and each has gate, the center which ft. below 
the usual low water river. The use one these pipes 
supply possible future extension the works west of, up-stream 
from, the present filter has been suggested. 

The other pipe discharges into the main carrier, distributing 
channel, which extends along the entire southerly edge the filter 
point within about ft. the easterly end. The edge this 
channel toward the filter remains level throughout its length, the eleva- 
tion this edge corresponding with the uniform elevation the sand 
surface the southerly edge the filter, ft. below usual low water 
the river. the upper westerly end, this carrier has semi- 
circular section ft. radius, but extends easterly, the width and 
depth constantly decrease, that the lower end its width reduced 

ft., and the bottom only ins. below the level the inner edge. 
each the valleys the sand surface shallow distribu- 
tion carrier extends from the main channel point ft. from the 
opposite northerly side the filter. the main channel, each 
lateral carrier ft. wide and ins. deep, decreasing width ft. 
and depth in. the northerly end. The edges these dis- 
tributors are level and the same elevation the inner edge the 
main carrier. 
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The main carrier constructed cobble paving stones, from 
ins. diameter, laid Portland cement mortar gravel bed 
ins. thick. The lateral carriers are made cobble stones, ins. 
diameter, Portland cement mortar, directly the sand surface. 


The interior surface all these channels was made smooth coat 
mortar. 


DESCRIPTION AND RESULTS OPERATIONS. 


Methods the time when the filter was first started 
has been customary fill from above over the surface. The water 
from the river turned gradually the gate-house the westerly 
end the filter, allowed pass out into the main channel, and from 
this along the lateral carriers the different portions the filter. 
first the water settles into the sand nearest the carriers, but length 
rises slowly and covers the entire sand surface. When depth from 
ft. water has been obtained over the carriers the pump the 
station started. The more slowly the whole process conducted the 
smaller will the amount entrained air the filter, and the initial 
loss head correspondingly less. various times urgency undue 
haste refilling has actually caused loss time, inasmuch the 
amount air retained the bed has resulted creating excessive 
losses head shortly after starting, causing reduced rate filtration 
below that which might have been obtained with more deliberate 


Almost without exception the water the river has been high enough 
flow upon the filter gravity and maintain the water surface 
suitable elevation; but upon one occasion, January, 1900, for period 
about days, the water the river was approximately Elevation 
36, and was necessary resort pumping supply water the 
filter. Two centrifugal pumps 8-in. and 6-in. discharge were used. 
The former was purchased and housed permanently for regular use 


low water the future. 


operating the filter has been customary maintain the water 
surface upon the beds Elevation 36, ft. below the usual elevation 
low water the Merrimac River. This equivalent depth 
ft. over the lateral distributing carriers, and ft. over the crowns 
the beds when grade. During the coldest weather, when has not 
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been possible scrape the surface, the water has frequently been raised 
Elevation 37, and less frequent intervals Elevation 37.50 order 
force the required amount through the filter. 

Whenever the filter clogged that the maximum loss head 
will not force sufficient quantity through it, the filter shut down 
and drained the following manner: The inlet gate closed, 
preventing the further entrance river water upon the filter, and 
pumping continued constantly decreasing rate until the water 
already the beds passes into the sand and below the surface such 
depth that laborers can work upon it. Since January, 1900, this 
operation has been greatly facilitated the use the 8-in. centrifu- 
gal pump provided with double suction and discharge, arranged 
force water from the filter the river, the reverse direc- 
tion. The clogged surface over those beds which require cleaning is: 
then scraped with shovels. The scrapings are carried wheel- 
barrows the driveway, the surface raked and smoothed, and the 
filter again put service. Later, the dirty sand left upon the drive- 
way removed toa bank near the washer, from which, after washing, 
dumped over paved slope, the foot which extends the 
lower driveway, ready for replacing upon the filter the time 
sanding. This work constitutes the general routine the filter, but 
constantly interrupted during the winter season the ever- 
recurring necessity removing snow and ice from the filter surface. 
The ice never allowed become thick that will touch the sand 
surface during high water upon the filter, and either cut and 
thrown out, large fields floated away from such beds need 
scraping. 

For purposes reference the beds the filter are numbered from 
25, beginning the westerly end. 

Quantitative amount water pumped, and thus the 
amount filtered, entirely dependent upon the demands the 
city’s use, shown the draft upon the reservoir. Whenever the 
surface the filter not excessively clogged, the yield generally 
constant, and the rate about galls. per day, the required 
quantity being obtained running the pumps the necessary number 
hours. frequently some time lost between stopping the low 
and starting the high-service pumps, and vice versa, and also because 
the filter often out service for scraping similar requirements, 
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there are long intervals when there almost constant need 


continuously, except occasionally upon Sundays. 


Day, Mass., FoR EACH 


1894 1895. 1896. 1897. 1898. 1899 

be | he . . | |e 

| 4 


High-Service Pump was put into service December, 1896, and since 
that date the quantities include the water used both Low and High Service. 

The average hours pumping are based upon the total for each month divided 
the total number days, and, after 1896, include the time for both High and Low 
Service Engines. 


order present this information comprehensive form, there 
given Table No. the average daily consumption months (both 
high and low-service being included, since 1896), and the average 
number hours per day during which the pumps were operated. 
The hours pumping per day represent the totals per month divided 
the total number days, and, since 1896, given the sum the 
hours operation both the high and low-service pumps. With the 
exception portions the years 1898 and 1900, when small-capacity, 
low-duty pump was used for much the time upon the high service, 
and which necessity was run very often when the low-service engine 
was operation, the hours given represent quite closely the time 
during which was necessary operate the filter. 

The relation the consumption water inti- 
mate that has been deemed advisable present Table No. 
statistics the temperature the air Lawrence during the past 
eight years. These records were obtained from the reports the 
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United States Weather Bureau, and are the results observations 
made the Essex Company station located the north side 
the Merrimac River near the dam, unexposed but not particu- 
larly well-sheltered place. 


TABLE No. TEMPERATURE AIR LAWRENCE, 
Mass., ALSO THE FoR EACH 
1893-1900. 


} | | | 


data this table are from the records the United States Weather 
ureau. 


Quantities Between Scrapings.—The importance these data 
regard any filter generally recognized, but this particular 
case, owing the exigencies operation, the information less 
definite and valuable than would the yield from single beds 
was measured. Inthe case hand, while the time scraping 
the whole surface necessarily drained, different beds may and 
usually are cleaned each time, also the same order scraping beds 
rarely observed twice succession. 

has been possible select few cases where the whole area 
beds was completely scraped days, and when scraping 
occurred intermediate dates. These results, representing the long- 
est periods and greatest quantities passing through the 2.36 acres 
filtering surface between two successive complete scrapings, are 
given Table No. The table also indicates that actual practice 
the filter has not been operated during recent years more than 
month without cleaning, and, generally, the period has been less. 
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TABLE No. BETWEEN COMPLETE SCRAPINGS 
THE LAWRENCE FILTER FOR THE YEARS 1893-1900. 


i 

Total quantity be- 

plete scraping. plete scraping. ings, millions. 

gallons. 

March 26th, 1898...... April 27th, 1898.... 109 


Record Scrapings.—There lack definite data regard 
the exact dates scraping prior the spring 1895, and the 
dates and amount sanding prior 1897. Information has been 
culled from various sources, such the regular scraping record 
books, time books, pumping station records, diaries, miscellaneous 
note books, and believed that the following statements and 
tables contain exact information will likely ever obtained. 

appears that, after starting the filter upon September 20th, 1893, 
the whole surface was scraped twice hefore December Ist. Appar- 


ently, the filter was not cleaned again until the next spring. The work 


began about the middle March and was completed about the middle 
April. The surface was again scraped during the latter part 
the month July. The best evidence goes show that the entire 
filter was again cleaned between the latter part August and the 
early part October. The whole surface was again gone over 
during the last half the month November. summarize, 
will seen that the filter was scraped times during the year 
1894, although possible that few the beds the up- 
stream end were scraped another time, which there 
memorandum. 

The record for the first three months 1895 somewhat indefi- 
nite, but believed that there sufficient information warrant 
including the record for the year the tables. The data for each 
the years 1895 1900 are given Tables Nos. and the form 
total number times scraping for each bed and totals for each 
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month. Occasionally, beds have been cleaned portions, flat ends 
only, but each such scraping given the proper fractional weight 
making the totals, the latter being recorded each case, however, 
the nearest unit. 


TABLE No. THE LAWRENCE FILTER, 
BEDS FOR EACH YEAR, 1895-1900. 


344 416 331 421 395 


No. ScRAPINGS THE LAWRENCE FILTER, 
ARRANGED FoR THE YEARS 1895-1900. 


| | 
| 
| 


Months. 1895. 1896. 1897. 1898. 1899, 1900. 


30 81 25 25 26 47 

344 416 331 421 895 


1895. 1897. 1898. 1899, 1900. 


KNOWLES AND HYDE LAWRENCE, MASS., FILTER. 251 


Record Sandings.—The first sanding the filter was done after 
some the scrapings 1894, and, the washing machine for cleansing 
dirty sand was not installed until the summer 1895, probable 
that unused sand, obtained during construction, and additional 
amount hauled from Gale’s Hill, was used during these years. That 
replaced 1896 and thereafter was, for the most part, washed sand, 
which had been removed from the filter surface, and the sanding was 
done bulk. 

1897 the first record the dates sanding appears, together 
with the depths replaced the crowns the beds, the sides being 
filled slightly bring them the level the lateral carriers. The 


depths sandings each bed the crown for the years 1897, 1899 and 
1900 are given Table No. 


EACH THE LAWRENCE FoR THE YEARS 1897, 
1899 1900. 


= 


1900. 
13.6 11,9 9.8 
13.6 10.6 
13.0 12.9 12.0 
16.0 25.8 12.7 
15.4 12.0 
15.4 21.5 12.5 
15.2 21.8 11.0 
12.5 10.8 
15.1 24.0 12.0 
10.5 11.9 
10.0 20.8 
11.1 18.0 9.5 
10.7 15.0 13.5 
10.9 15.5 
9.9 11.5 18.3 
10.2 18.5 
9.2 9.1 16.5 
11.3 12.0 15.8 
9.5 15.0 
9.3 15.4 22.2 
8.7 9.5 15.0 
8.4 9.8 18.3 
9.5 16.0 25.0 
8.2 15.9 24.0 
9.5 14.0 18.0 


= 
ao 
@ 


1898 extensive experiments were made during the summer months, 
and the latter portion the year was occupied the repair work 
the underdrains certain beds, that very little sanding was done. 
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Beds Nos. and were filled depth about ins., and the 
beds repaired (Nos. 22, excepting No. 20) were brought origi- 
nal grade. 

From the summaries the tables will seen that, average, 
each bed has been scraped about times per year, and because the 
average depths sand replaced the crowns equivalent about 
three-fourths this amount over the entire filter area, the average depth 
removed each scraping has been practically The average depth 
replaced the crowns, 1899 and 1900, was 15} ins., equivalent 
depth 114 ins. over the whole surface, total about 3500 cu. yds. 
which figure agrees approximately with rough measurements the 
amount material removed and replaced each year. 

Loss loss head the difference between the level 
the water the filter surface and that the surface the water 
the pump well, the latter elevation being indicated counter- 
weight sliding graduated rod the engine-room above and showing 
the position the float below, referred the datum levels. 
Formerly, the elevation the water the filter was read directly upon 
gauge board, but within recent years also has been indicated the 
position counterweight moved float and sliding along scale 
board the gate-house. 

The bottom the pump well Elevation 26, and the bottoms 
the outlets the underdrains the filter are Elevation 29; thus 
evident that the difference the two levels mentioned above indi- 
cates incorrect loss head whenever the water the pump well 
drained below Elevation 29. Prior September, 1898, the losses 
head were frequently recorded greater than could have been possible. 
probable that, because this drawing down, air was admitted 
backward into the underdrains, and greater resistance was occa- 
sioned than would have occurred the water the pump well had 
been kept above Elevation 29. However, compiling the data 
Table No. 10, the maximum possible loss head was assumed have 
been that which would have obtained with the water Elevation 
passed out the underdrains. 

Table No. contains statement the average losses head 
months, for the seven complete years operation; together with the 
average speed the pumps and the average temperature the river 
water applied the filter. 
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REVOLUTIONS THE Pump MINUTE AND THE 
AVERAGE TEMPERATURE THE RIvER WATER DEGREES 


1895. 1896. 1897. 1899. 1900. 

Yearly 

verage, 

Average, 


May, 1897, the records not show the elevation water pump 
pumping. For those days during this time, when the loss head greater 
the filter surface and Elevation 29.00. 

The table exhibits clearly the greater loss head under which 
the filter has been operated during cold weather, and the fact that, 
even with the maximum possible head, the rate pumping was 
necessarily reduced, especially during the winter 
relative improvement these factors during 1899-1900 also notice- 
able. 

Effect Scraping upon Quantitative customary 
scrape filter when the amount water which comes through with the 
maximum loss head has diminished below that required, and 
expected that with clean surface the normal quantity will obtained 
with smaller head than before, but Lawrence this result has not 
always been attained. Occasionally, has seemed that air has been 


caught the body the filter when refilling, and its presence has 
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LAWRENCE FILTER, SHOWN THE CHANGE THE Loss HEAD. 


Date scraping. 


September 
1896. 


April 8-10.. 
May 27-29. 
June 6-8.. 


December 
December 31.. 
1897. 


May 5-6. 
May 19. 
May 
June 22-25. 
July 
August 
August 
September 
October 
October 
October 
November 
December 1-2....... 
December 
1898, 


February 26.. 
March 25-26.. 


August 
August 
September 
September 
October 10-11... 
November 
1899. 


January 4-6.. 


September 
September 28............ 
December 16-19.......... 
1900. 
January 
January 
January 
February 


SCRAPED. 


Number. 


Designation. 


1-25 
5-12, 17-28 
1-14 
1-8 
1-10, 16-24 
10-25 


14-25 
1-18}, 19-25 
1-25 


15-17, 22-25 
15-22 


AVERAGE Loss HEAD 


For Four Days. 


After 
Before 
scraping. 
Scraping. 

(4) (5) 

4, 

4 

3. 

6. 


dash designates loss rather than gain. 


Percentage. 
Gain loss 
head 


q 
(2) (3) (6) 
1895. 
15-25 
1-6 
7-14 
5-25 
9-19 
1-10 
1-7 
10-25 
10-15 
1-25 
y 
June 18-14................ 1-25 
1-25 
6-18 
1-25 
1-10 
11-16 
17-25 
1-21 
1-8 


j 


KNOWLES AND HYDE LAWRENCE, MASS., FILTER. 255 


TABLE No. 


(2) (3) (4) (5) (6) 
June 13-21, 23-25 4.0 3.3 
September 14............ 10-20, 22-28 4.0 
September 18..... 1-9, 21, 24, 8.4 
September 25-26..... 14-22 8.4 4.3 
October 14-22, 24, 4.9 4.2 
December 7-8.......... 1-21, 5.2 6.0 


dash designates loss rather than gain. 


caused increased loss head until has escaped. Winter dis- 
turbances have times produced such effects that scraping the 
surface has not increased the quantity filtered; moreover, the yield 
certain beds, which have recently been repaired, was not increased 
appreciably scraping, prior reconstruction. 

Table No. has been prepared from the filter records, order 
show the actual conditions yield, expressed average losses head, 
during periods days directly before and after scraping. These 
data have been tabulated only for such times when least beds 
were scraped, and there was interference the conditions, due 
cleaning, during the days before and after. The number and desig- 
nation the beds scraped entered with the dates. The actual 
average loss head given for the days prior cleaning, and that 
for the same period afterward obtained adjusting the 
actual average changes the rate filtration and temperature 
the water. For the years 1895 and 1896, the losses are not adjusted 
for rates, account.of insufficient data, but has been assumed that 
these are the same before and after scraping, which supposition the 
results other years have shown not seriously error. 

will noticed that the improvement cold weather less than 
other seasons, and, times, appears that the loss head was even 
greater after scraping than before. This condition was probably pro- 
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duced entrained air caught the filter when refilling, the effect 
which more evident with the low-temperature conditions winter. 


Also, certain the summer records occasionally show losses which 


cannot accounted for any other way than the presence 


the filter. known that the desire return the filter service 
quickly has often caused too rapid filling and subsequent starting 
the pumps. During 1898 Mr. Walter Spear studied the effects 
rapid refilling, and pointed out clearly, shown diagram pub- 
lished the report the Lawrence Water Board for that year, that 
hastened refilling oftentimes lessened the yield the filter for few 
days. 

The difficulty caused entrained air can remedied back- 
filling from below, filtered water entering through the underdrains and 
passing upward through the sand proper elevation before turning 
the supply raw water; which method the air will forced out 
the bed. Care must observed, however, not backfill rapidly 
disturb the sand about the underdrains, but this danger can 
wholly avoided providing backfilling pipe capable being 
regulated that not more than the maximum permissible rate refilling 
can take place under the existing pressure conditions. 

also noticeable that, since the early operation the filter, the 
greatest benefit from cleaning the surface was secured during the last 
two years; this undoubtedly was due the more thorough and careful 
management under which the filter has recently been operated. 

Intermittence Operation.—It was intended, when the filter was 
built, that should operated intermittently, or, other words, 
that there should daily period rest, during which the water 
the bed would drawn out and the sand filled with air the bottom. 
This condition was regarded necessary insure the burning up” 
the organic matter retained the filter. 

was endeavored give the filter this daily rest during its early 
history, but various circumstances, such the demands consump- 
tion and the securing equally favorable results with continuous 
operation, has led, especially recent years, practically continuous 
filtration, except during times scraping. From No. the 
average number hours.per day during which the pumps were not 
operated may determined; and, realizing that least hours should 
elapse between turning the water and starting the pumps, will 
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seen that during recent has been but little opportunity fill 
the sand with air. The record drainings given Table No. 12. 


TABLE No. TIMES WHEN THE LAWRENCE FILTER WAS 
DRAINED FROM 1894 


Months. 1894. 1895. 1896. 1897. 1898. 1899, 1900, 
23 18 13 10 9 5 9 
ME ccasyacawmncmenions 26 19 12 9 13 12 8 


Cost ADDITIONAL CONSTRUCTION AND EXPENSE MAINTENANCE. 


Additional Construction Items.—Since placing the filter service, 
September 20th, 1893, there have been additional accounts which 
might properly charged construction. These expenditures in- 
clude the purchase machines aid the work maintenance, 
the building new driveway which the cost conveying has 
been reduced, and the paying the sloping bank, thus enlarging 
and improving the storage place for washed sand. The original cost 
the filter, given the Report the Water Board for the year 
1893, was $65 459.67. The additional items, expressed rounded 
figures, are given Table No. 13. 


TABLE No. 


1894. Labor and material, per Report Water Board.... 070 


1895. Cost washer, including concrete work..... 540 
Labor account Annual Report, minus that which 

properly chargeable maintenance.............. 700 

1896. Cost ice elevator and 730 

1899. New driveway and paving storage slope............ 600 

$14 880 


These additional items, together with the original cost, make the 
total expenditure for construction about $80 000. 
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Cost Maintenance.—One the most interesting elements 
study the Lawrence filter has been the annual cost the several 
operations. Various figures appearing early reports the Water 
Board have been misleading, because they have included expenses 
grading, care grounds, which, accordance with the usual 
custom charging such special and unclassified items some main 
account, burdened the filter charges. This circumstance originated 
from the desire have constantly hand (for expeditious cleaning 
the filter, etc.) ample laboring force, which was employed upon 
odd jobs whenever there ‘was not sufficient routine work. 

The writers believe that the data expense presented the fol- 
lowing tables are nearly correct can obtained this date, 
because the length time which has elapsed since the first record. 
order render the figures reliable possible, study and 
transcript all important records was made, together with com- 
parison the weekly report, with the daily time books, and 
finally both these were compared with the filter record books, showing 
the extent and nature the work maintenance for each day. Not- 
withstanding the degree care exercised the following compila- 
tions, the insufficiency some the data has made seem advisable 
round all figures cost, process which believed will also 
simplify comparison. 


LAWRENCE FILTER, FOR THE YEARS 1895-1900. 


Items. 1895. 1896 1898 1899 

Scraping and sanding....... 460 840 800 270 250 
Removal snow and ice... 780 350 330 480 300 330 
450 490 850 710 500 720 
Per million gallons.......... 7.80 8.10 9.00 8.00 7.70 7.70 
Per million gallons.......... 5.10 6.00 6.90 5.10 5.80 5.80 
Total pumpage for year 


writers were unable classify the cost maintenance during the 
period operation the filter 1863 and during 1894. The total expenditures for this 


purpose during (344 months) amounted 210, and 1894 610. 
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Classification explanation the items Table No. 
14, the following statements are made show the nature and extent 
the work done under each classification. 

1.—Scraping, includes the removal the surface layer dirty sand 
means shovels and throwing into small piles, about ft. 
apart, upon the surface the bed; together with wheeling the sand 
from these heaps temporary dump along the lower driveway 
the north side the filter. This process also includes raking and 
smoothing the beds after cleaning. 

2.—Sanding, includes removing the clean sand from the storage 
bank along the driveway the surface the bed being sanded, dis- 
tributing layers, and smoothing the surface. The cost sanding 
includes the expense the scraping necessary prepare the surface 
the filter beds for this operation. 

3.—Conveying, includes the loading the dirty sand and its trans- 
portation carts from the temporary dump the lower driveway 
permanent dump close the washer. During the early years, 
before the bank clean sand was placed advantageously 
present along the paved slope the driveway, this item also included 
the and transportation from the dump clean sand tem- 
porary piles along the lower driveway, close the beds which 
was used. 

4.—Washing, includes the screening the dirty sand the first 
traveling hopper the washer and the transportation from the 
draining boxes the permanent storage bank, together with such 
attention and repairs the washer itself requires. 

5.—Removal snow and ice, includes, for snow, the loading and 
transportation from the frozen filter surface carts sleds the 
river bank. For ice, the item includes cutting and moving cakes 
the ice-conveyer, feeding the same and taking care the delivery 
over the river bank, together with the cost coal and such attention 
the machinery demands. This last account also includes, during 
the early history the filter, and, much less extent, the 
present time, the loading and transportation ice carts sleds 
from the filter surface. 


6.—General, includes miscellaneous items not appearing the 
foregoing classification, such care filter banks and lawn directly 
adjacent, repairing and cleaning main distribution channel and lateral 
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carriers, and repairs driveway and paved bank. All repairs tools 
and machinery are charged the proper accounts the work upon 
which they are used. The expenditures under this item are not con- 
stant, but fluctuate according the amount repair work neces- 
sary each year. 

Detail Study has been the custom, when was 
the intention scrape portion the filter upon given day, shut 
off the inlet water during the evening before, and, running the 
pumps gradually reduced speed, drain the sand that men could 
work upon the next morning. Since January, 1900, however, water 
has been pumped from the surface the filter back the river when 
draining. Thus, has not been necessary close the inlet gate as. 
early formerly, nor have much the work done uneco- 
nomical manner the large pump the station. But the effect, 
which greater importance, that the filter surface can now 
made ready for cleaning definite time, whereas, previously, be- 
cause the uncertainty draining through more less clogged 
material, the filter was frequently not condition for work when 
desired. 


Laborers first scrape the surface, removing the schmutzdecke varying 


from in. thickness. Sandals are not worn this work, 
customary some other plants. When few beds only are cleaned, 
this part the work usually entirely completed before removing any 
the sand; but large area being scraped, the two operations are 
often performed alternately. Until recently the usual shovels with 
short handles and square mouths have been used, but the present 
time special long-handled shovels extra width have been tried with 
success and economy. 

The wheeling-out done barrows upon planks laid upon the sand 
surface, and the length carry varies from 150 ft. This work 
shown Fig. Plate VII. The surface the bed compacted the 
process cleaning then made porous loose the use rakes 
with teeth about ins. long, and, finally, the raw surface evened with 
thin smoother attached handle and used For some 
time between 1895 and 1899 special rakes, with teeth about ins. long, 
were used loosen the upper portion the sand That 
this process permitted the water pass through the sand more freely 
probably true, but undoubtedly tended also produce each time 
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deeper clogging the sand. therefore believed that was 
prudent measure abandon their use favor the short-toothed 
rakes, which are entirely sufficient loosen the surface the sand 
compacted the laborers working without sandals during scraping. 

Unfortunately for the purpose comparison, the cost scraping 
has not always borne exact relation the amount work performed 
This has been largely due the uneconomical methods used, some. 
which will necessarily obtain until greater expenditures for construc- 
tion and equipment are allowed. Whenever few beds only are 
scraped, the work performed the usual maintenance force always 
the plant, varying number men. times, when 
the demand for water renders necessary scrape large part 
the whole surface once, additional laborers are drafted from the 
street and pipe repair force. many men have times been 
used, many whom were unfamiliar with the best methods per- 
forming this kind work. This extravagant method cleaning has 
been used somewhat frequently, and result the necessity 
scraping large unit area possible one time. few years 
since, one the writers this paper prepared statement the 
amount work accomplished with varying numbers men employed, 
showing quite conclusively that men was the most economical 


number use during scraping then carried on, because larger 
numbers caused some the way others. 


Table No. presents summarized statement the cost scraping 
comparison with the amount work done. 


TABLE No. tHE NuMBER ScRAPED 


PER YEAR, TOGETHER WITH THE PER BED PER SCRAPING, AND 
PER FILTERED. 


Cost per 
Number Cost Cost per 
Years. 


Some recent studies show that the costs Table No. are divided 
among the several items about follows: Wheeling out, scraping, 


\ 
~ 
d is 


262 KNOWLES AND HYDE LAWRENCE, MASS., FILTER. [Papers. 


and smoothing surface, the total. These figures show 
once what portion the work saving should and can made, 
namely, the use some approved form conveyer replace the 
wheel-barrow. The scraping single beds has occasionally cost 
somewhat less than $3, although cold weather, with frozen sand 
surface, the cost has been high $10 per bed. 


Detail Study Sanding.—This process requires but short de- 
the early history operations, all the conveying 
charged this item was done with wheel-barrows; but, recently, 
has been the custom place, over the bed sanded, platform, 
level with the lower driveway, upon which the teams deliver the clean 
sand and from which wheeled barrows position. The method 
sanding about follows: The bed scraped usual, the upper 
ins. removed and placed one side, then such amount 
clean sand used the excavated trench will bring the bed 
grade when the old sand replaced upon it, and the surface shaped 
and smoothed. 

probable that but little sanding was done 1895, and, 
consequence, the amount work required 1896 was considerably 
increased. reason, and also because less economical methods 
were used than later, the cost sanding during this year was unusu- 


ally high. The reduced cost 1897 may explained part 


fact that less depth sand was added during this year, and also, 
perhaps, because certain expenditures classed under Conveying” 
should rightfully charged this work. The figures 1898 in- 
clude simply the cost sanding Beds Nos. and 12. 

appears from the records the years 1899 and 1900 that the 
average cost sanding bed about $50. has been found that 
the average the number scrapings per bed per year (1896-1900) has 
been about 15, and the average cost each about $5.00, making $75 
approximately the total annual cost keeping bed clean. From this 
figure the economy bringing the beds grade sanding once 
year readily apparent. 

Detail Study Conveying.—The statistics for conveying are less 
satisfactory than any others connection with the filter, for two 
reasons: First, the methods have not been economical, although 
much improved recently; secondly, the account less accurate than 
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others because the difficulty which has arisen special instances 
determining whether certain expenditures belong this item 
others, like sanding general maintenance work, and 
times hauling-accounts entirely foreign the work the filter. 
The account for 1897 probably higher than should be, but the 
writers can find authority for changing from the amount given. 

The rough contour the ground north the filter renders neces- 
sary use carts hauling the dirty sand the dump near the washer; 
whereas, the area were more nearly level, cars upon tramway could 
operated the laborers some smaller force than present con- 
ditions require. The extravagance the current methods has been 
realized, and the trial machine conveyer some means hydraulic 
transportation has been recommended, but the money for such installa- 
tion has not been made available. 

Detail Study Washing.—The washing machine used Lawrence 
is, far the writers are aware, the only one its kind this coun- 
try, and similar the design some washers service Europe. 
The bowls the machine are four number and are light sweep- 
castings made localfoundry. drops the bottom each 
bowl hopper and caught inflowing horizontal jet and carried 
across and upward through 3-in. pipe into the next bowl. The fitting 
the bottom the hopper standard 3-in. cross, with plug the 
bottom for the purpose cleaning. Into bushing the inlet end 
the cross placed pipe, the end which attached remov- 
able chilled-steel nozzle made from piece The nozzles 
use have jets, although other sizes have been tried. out- 
let the cross there screwed special 2-in. reducer, the small 
end which placed within the cross and bell shape order 
readily receive the mingled water and sand. These special fittings, 
which wear out continually, are made required the shop the 
Water Department. 


The washer was built and erected early 1895, and was first used 
June 17th. 


The cost the patterns, castings, piping, lumber, 
and labor the machine was about $150, and that the concrete 
pavements and drains about $240, while the labor account the 
department for setting up, etc., was about $150, making total cost 
$540. Additional construction, new traveling hopper, draining boxes, 
have been charged the yearly maintenance accounts. 
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The presence the sand small stones, which would occasionally 
drop into the jet and stop the the washer, rendered necessary 
screen all sand, both the old and dirty well the new, before 
throwing into the first hopper. was formerly the practice 
screen the sand the storage bank and wheel the washer, pro- 
cess which required and caused irregular and intermittent 
feeding. During the summer 1898, one the writers experimented 
with different arrangements for transporting the sand, and, short 
time, devised the following method, which was adopted: traveling 
hopper, mounted upon light frame piping and placed will 
wherever dirty sand dumped, fed from 2-in. pipe from the main 
supply. thrown into the hopper carried the entering 
water into and through connecting length 3-in. pipe the main 
washer, where raised about ft. into the first hopper the 
machine. The nozzle the traveling hopper in. diameter. 
The 3-in. pipe line varies length from time time, and made 
running lengths pipe connected such lengths are neces- 
sary for the distance. This method has been use since July, 1898, 
and has never failed carrying the sand the washer from the 
most distant point required, about 200 ft. being the maximum 
the present time. appears that the sand has not only been 
washed more thoroughly since using this apparatus, due probably 
more complete mixing and scouring the pipe line, but, also, 
there has been apparent increase the amount water used, and, 
moreover, there has been material reduction the cost per yard. 

From the last hopper, the cleansed sand conveyed water 
through wooden trough one two draining boxes. Formerly, 
these boxes, each holding cu. yds., were stationary, and after drain- 
ing, the sand was shoveled into wheel-barrows and delivered along the 
dump for clean sand. further saving time and labor was 
effected the adoption smaller boxes, cars, trucks, into 
which the sand delivered from the washer, drained, and then carried 
narrow-gauge track the storage bank where quickly 
dumped removing one side the car. The cost these cars and 
track appears the account for 1900. The washer, complete, with the 
old-style draining boxes, shown Fig. Plate VIII. 

Originally, the washing operations required men, and more 
times when the wheeling distance was considerable; now, men the 
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entire work screening, attendance upon the machine, and car- 
rying away the clean sand tothe dump. Thus, since the summer 
1898, the expense has been considerably less than before. Washing 
operations are generally begun each year about April and are 
suspended about December ist. statement the cost 
washing, the amount sand washed, and the quantity water used, 
with the unit factors for each, covering the last three years, and 


with less complete data for the years 1895 and 1896, given Table 
No. 16. 


TABLE No. WASHING OPERATIONS LAWRENCE 
FOR THE YEARS 1895-1900. 


Cost OPERATIONS. Estimated 
Year. yards cubic feet 
sed. 
eee 1 920 30 1 950 2 900 0.67 1 050 000 14 
nes 1 540 60 1 600 2 600 0.62 970 000 14 
Oe eee 1 340 110 1 450 8 200 45 1 140 000 18 
1 290 22 1510 8 000 50 820 000 10 


The normal maximum amount sand which can washed one 
day cu. yds., for which the item labor men per day 
represents cost cents per yard. The charges over and above 
this amount represent bills and labor for repairs and additional parts 
the machine, necessary each year when the washer made ready 
for service, and the cost delays due stopping the machine, shift- 
ing positions, and any other causes which tend decrease the output 
below the maximum. 

Detail Study Removal Snow and Ice.—During the winter 
weather, that is, the months January, February and March, 
scraping can seldom accomplished without the necessity remov- 
ing ice from the surface the filter. the ice over that por- 
tion which scraped covered snow, the latter shoveled 
into carts and taken away. was formerly the custom, also, 
remove the ice the same way after cutting; but, recently, this has 
been done times only when teams are hand, and more ice must 
removed than the ice machine will handle. layer ice, about ins. 
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thick, direct contact with the drained sand surface, shown Fig. 
Plate VIII. 

ice-conveying machine was procured and set during the 
winter 1895-96, and since January 18th, 1896, has been almost 
constant use during the cold winter season. The machine, quite com- 
pact and convenient, combines the power and the runway the cus- 
tomary ice-house conveyer single framework; the whole being 
supported upon car and truck moving upon wide-gauge track. The 
boiler, engine and machinery housed the body the car, while 
one end supported the ‘framework the elevator. This elevator 
the usual style long-link conveyer running over power drum 
the top and idler the bottom, and supported upon frame 
between guides. The runway the conveyer can placed any 
slope, but when use angle about 45° with the horizontal. 
The engine will develop H.-P., and uses about 350 coal per 
day when running. The conveyer travels from 100 
ft. per minute, and will hold cakes ice once. The machine 
capable propelling itself along track the embankment, that 
any part the south side the filter can reached. The ice must 
cut into cakes suitable size and fed the conveyer, which 
then delivers over the embankment upon runway into the river, 
its frozen surface. the ice sufficiently thick, marked with 
horse plow, and long cakes are then broken off and divided into 
small pieces capable being caught the carrier bars the eleva- 
tor. Inasmuch considerable amount labor required cut 
the ice into small pieces, saving might effected with more 
powerful engine, capable moving wider elevator greater speed. 

Ice has quite often appeared upon the filter surface the middle 
November, but becomes hardly thick enough cut for several 
weeks, and generally disappears the middle last March. The 
removal ice over such beds require cleaning accomplished just 
before desired scrape. the cleaning adjoining area 
occurs shortly afterward, and the formation ice does not prevent, 
frequently happens that the ice already formed the beds question 
may floated over the area scraped and its removal consequently 
avoided until some future date. The ice rarely allowed become 
thicker than ins., and, generally, three four crops are cut over 
portions the surface. 
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The cost removing snow and ice, order clean the filter 
the winter time, expensive operation, and has varied from $1.90 
$2.90 per million gallons, according the severity the winter 
and the methods used. The average cost removal has been $2.30 
per million gallons filtered year, about 100 per year per acre 
net filter surface. The demands consumption are such that the 
filter must scraped usual the winter time, and the cost ice 
removal is, therefore, greater than other places where reserve filter- 
ing area provided. Other than conveying, this item probably the 
most expensive and wasteful any part the maintenance. The 

average yearly cost per acre, capitalized 4%, $27 500, sum much 
excess the cost per acre necessary erect cover over the present 
filter, and greater, even, than the additional cost per acre 


approved form covered masonry filter over similar one not 
covered. 


EFFICIENCY THE DETERMINED CHEMICAL AND 
ANALYSES, AND THE DECREASED PREVALENCE 
FEVER THE City LAWRENCE. 


the time first operating the filter, the results 
its work have been studied the Massachusetts State Board 
Health, which has conducted chemical and bacterial examinations 
the water the Merrimac River flows upon the filter, and the 
effluent the filter the pumping station, and after passing success- 
ively through the distributing reservoir, through the supply mains 
City Hall, and, length, the extreme easterly end the city the 
Lawrence Experiment Station. has been customary, especially 
during later years, make daily bacterial analyses the water the 
several points just mentioned, during the months from November 
April inclusive, and weekly examinations during the warmer season 
from May October, when has been found that the filter more 
uniformly state biological stability. The results these 
studies have been published detail the Annual Reports the 
State Board Health, from which nearly all the data presented the 
subsequent tables have been derived. 

The water supply Lawrence for the most part pumped after 
filtration open distributing reservoir located upon hill about 
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mile from the river.* The reservoir consists two basins about 
equal size, having combined capacity 000 000 equivalent 
nearly two weeks’ supply for the city. The inlet arranged par- 
tially aerate the water entering the reservoir discharging into the 
air and allowing the water fall upon series masonry steps over 
which flows into both basins. From the reservoir the water travels 
through main distribution pipes for distance about miles 
City Hall, and for total distance nearly miles the Experi- 
ment Station. 

Chemical the construction the filter, ground- 


water was encountered various points the excavation, particularly 


the central and easterly portions. The superficial area the 
southerly slope the hill leading from the filter toward the reservoir, 
apparently tributary the filter, perhaps acres, and the above- 
mentioned flow ground-water probably represents the yield from 
this more extended water-shed. this territory there are the 
present time about dozen dwelling houses, many which have 
this time been connected with the sewer system, but some are yet 
provided with individual cesspools privies. 

The average yearly results the weekly chemical examination 
the water the Merrimac River, and the effluent from the filter 
from its first operation the end the year 1899, are presented 
Table No. 17. 

Bacterial No. shows, months, the average 
numbers bacteria the water the Merrimac River, applied 
the filter, and the effluent the filter the pumping station and 
the tap water City Hall. During 1897, regular examination 
samples collected these points for Bacillus Coli communis, the repre- 
sentative bacterium indicating sewage contamination, was begun, and 
these studies have been continued the present time. infor- 
mation regarding the occurrence this organism has been available 
has been included the table. 

The decreased efficiency the filter during cold winter weather, 
especially the first years operation, has undoubtedly, part, 
been due the fact that the removal ice attended with such 
difficulty that only portion the filter can scraped any 
1896, about one-tenth the water has been pumped independently 


closed standpipe just above the reservoir, supply people living upon the two 
main hills. 


: 
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mac WATER AND EFFLUENT FROM LAWRENCE FILTER FOR THE 
1893-1899 (Parts PER 000 000). 


Loss 
Total ignition 
Year. 
81.35) .42 | .84) —19.0) 16 31/—94 
39 05) 46 89) 2.9|2.4/2.8) —16.7| 17 24—41 
136.68) .44 36| 18.2 —7.9 2.0/2.2 —10.0| 13) 19 —46 
41.77|.45 | —9.1 2.1/2.3 —9,5| 13) 18 —38 
49.43) 45 41 8.9 —8.7/2.1/2.3) —9.5] 12 17|—42 
34.87) .36 | .33 4.7/2.5/2.6| —4.0) 12 
| | 


NITROGEN 


gen river, 
saturation 


Free am- Albuminoid 
ear. KO 
50 |.14|.38'—171 [4.4/3.0 2 
10.6) .198) .096| 51.5) .001/.000} 100 |.14).86 —157 4.2/2.7) 36 
Average, 


annual rainfall given the table the total annual precipitation 
observed the Essex Company behalf the United States Weather 

ureau. 

The represent the average monthly determinations the Boston Labora- 
tory the Massachusetts State Board Health. 

The determinations color, solids and oxygen consumed river samples were 
made after passing samples through filter paper. The color standards used were natural 
waters, the color which had been accurately determined comparison with nessler- 
ized ammonia standards, prepared described page 531, Special Report Exam- 
ination Water Supplies,” and page Annual Report 1892, Massachusetts 
State Board Health. 
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TABLE No. THE WATER MERRIMAC 


Water Crry 


| 


(2) (3) (4) (5) (6) 
vember *.. 190 97.5 
December.... 400 200 97.9 100 
February.... 300 250 97.0 
6 000 130 97.8 130 
2 400 25 99.0 92 
August...... 100 98.8 140 
October ..... P 25 300 120 99.5 81 
November 600 180 98.9 
December... 800 98.5 270 
800 150 98.6 110 
1895. 
700 210 98.9 140 
February.. 000 280 98.1 100 
800 400 98.1 100 
100 120 98.9 
170 97.7 
6 100 140 97.7 98 
400 99.0 120 
290§ 92.2 120 
800 99.8 100 
600 110 98.6 


See notes page 271. 


assing 


reduction 


voir and pipes. 


age 


Further percent- 


60 
—268 
—289 
—102 
—150 
—197 
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TABLE No. 


(3) 
1897. 
January..... 800 
100 
300 
April 900 
June..... 
300 
August...... 200 
September 900 
October...... 400 
600 
December.... 600 
AVERAGE NUMBER 
BACTERIA PER 
CENTIMETER. 
a= 
Month. 
ea 
S| 
1899. 


Excluding results November 27th, when suction pipe was lowered pump well. 

Filter put operation September 20th, 1893. The average results days after 
uent, 200; Percentage reduction filter, 83.2 

Examinations made weekly. 


starting were: River, 000; 
Samples collected from rising main from pump. 


due test pumps from August 10th 22d, and emptying force 
main latter date. 


a 


er 


Hall. 


passing through reservoir 


and pipes. 


station. 
cubic centimeter tap water 


ing through filter. 
City Hall. 


nis intap water 


Percentage reduction pass- 
Further percentage reduction 


Occurrence Coli commu- 
Total number bacteria 


(4) (6) (7) 
—108 
110 300 
—152 

| 
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given time; while over the remainder the area, when the filter 
drained, the ice settles, becomes frozen to, and thus disturbs, the 
upper sand layers. account the many inherent difficulties 
attending the scraping the filter this weather, and because the 
cleaning the beds nearest the pumping station was more effective 
producing increased flow, oftentimes happened that only this 
portion the filter was scraped. evident that the practice 
scraping part only the surface any given time, tends produce 
high rates filtration through those portions having clean surface, 
and permits correspondingly lower rates through the area over which 
more less impervious schmutzdecke formed. Moreover, 
the drawing down the water the sand below the surface, the filter 
being uncovered, allows the upper layers sand become partially 
frozen, the effect which unquestionably disastrous securing the 
highest bacterial efficiency. 

Results examination samples water from the outlet the 
open distributing reservoir, although not included the table, are, 
nevertheless, interesting because they show considerable increase 
the number bacteria over the numbers the effluent immediately 
after passing through the filter. probable, therefore, that the 
large increase the numbers bacteria found the tap water City 
Hall, principally during the warmer seasons the year, shown 
the table, either due the organisms entering the open reservoir from 
the air, those developed the water under the favorable 
stances. Notwithstanding this, however, will seen that throughout 
the greater portion the year, material decrease the number 
bacteria the tap water effected during its passage from the pumping 
station. 

Relation Scraping Bacterial Efficiency.—Table No. presents 
all the available data relative the numbers bacteria found the 
effluent the filter during periods days before and days after 
the scraping different numbers beds, times when daily analyses 
the water were made. The table shows the efficiency filtration 
these times. 

the scrapings tabulated, indicate change efficiency due 
cleaning; occasions there was decrease, and apparent 
increase the percentage removal bacteria. significant, how- 
ever, that the times when more beds were scraped (i. about 
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AND AFTER SCRAPING, AND PERCENTAGE RELATION AVERAGE 
BER APPLIED RIVER WATER. 


Date scraping. 


November 21, 
February 22. 1896...... 
April 28-24, 
October 21, 
March 15, 
January 

March 
March 10. 
April 1897 
December 
February 16-19, 1898 


Average first group..... 


February 12, 1898.. 
January 4-6. 
November 15, 1899 
February 21-24, 
December 10, 1896........ 
November 17-18, 
November 27, 
February 26, 1898 


Average second group 


January 5-6, 1897.......... 
January -15, 
April 13-14, 
April 28-29, 
November 10-11, 
November 1897 
April 20-22, 1897 


ete 


Average third group... 


November 26-30, 1895 
March 22-26, 1898 .......... 
April 26-28, 1899............ 
December 27-31, 1895...... 
April 8-10, 
March 
December 11-14, 
April 27- 1898 


Average fourth group... 


General average......... 


AVERAGE 


TERIA PER| AGE REMOVAL 
CENTI-| FROM APPLIED 
METER RIVER WATER 
FLUENT DUR-| DURING THREE 
scraped, 
numbers. 
Nos. 24-25. 120 99.0! 0.8 
Nos. 11-12. 400 280 96.9 97.8 |—0.9 
Nos. 20-23. 170 110 1.0 
Nos. 10-14. 97.0 99.5 |—2.5 
Nos. 15-20. 99.2 99.6 |—0.4 
Nos. 9-14. 120 98.5 99.7 
Nos. 15-17, 22-25. 100 180 98.1 0.2 
9 Nos. 1-9. 16 20 , 99.8 | 99.7 0.1 
Nos. 11-20. 120 110 98.9 99.6 
11 Nos. 15-25. 23 11 | 99.7 | 99.9 |—0.2 
244 Nos. 1-4, 6-25, 99.3 0.6 
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one-half more the entire filter surface) there were only occasions 
which increased percentage removal resulted, and times when 
there was apparent change, the remaining times causing 
decreased efficiency ranging from percent. During December, 
January and February, there were times when less than beds were 
scraped, and times when more than one-half the entire filter surface 
was cleaned. this later number, two indicated increase and two 
decrease efficiency. 

Inasmuch daily bacterial examinations the water the river 
and the effluent have not been carried during the warmer months 
the year, from May October, when the filter presumably its 
most stable condition, the table probably represents the average and the 
worst effects only, produced scraping. 


WATER AND EFFLUENT FILTER, DURING PERIODS 
TINUOUS AND INTERMITTENT OPERATION. 


AVERAGE NUMBER 
Days. BACTERIA PER CUBIC 


CENTIMETER Per cent. 


moved 
In When Applied Effluent filtration. 


period. river water.| filter. 


OPERATION. 


Feb. 7-11, 600 140 97.9 
Feb. 24-27, 800 120 98.2 


INTERMITTENT OPERATION. 


Mch. 
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Relation Continuous and Intermittent Operation Bacterial 
ciency.—Statements have already been made show that the Lawrence 
filter has been operated the past, for varying intervals time, both 
intermittently and continuously. has been possible collect and 
present Table No. for purposes comparison, data representing, 
from bacteriological standpoint, the results these two methods 
operation. Twelve the periods continuous operation oc- 
curred immediately after cleaning some part the filter surface, while 
during the periods intermittent action, scraping was carried 
on. Under these circumstances, difficult draw definite 
sions, but far the data represent actual conditions, there seems 
practical difference the bacterial efficiency obtained with the 
two methods operation. 

Comparative Prevalence Typhoid Fever Lawrence Before and 
After the Introduction Filtered Water Supply.—For extended 
period prior the introduction filtered water, the death rate from 
typhoid fever Lawrence was excessive. During the ten years from 
1859 1868, the local death rate from this disease averaged 8.34 per 
000, placing the city this regard fourth the list sixteen 
cities Massachusetts which introduced public water supplies the 
years from 1869 1877.* 1875, already stated, there was intro- 
duced Lawrence public water supply, derived some extent 
from the filter gallery, but for the most part directly from the Merri- 
mac River, and used, after storage about two weeks, the dis- 
tributing reservoir. From 1878 1889 the city’s death rate from 
typhoid fever was 8.33 per 000, the second amount obtaining 
the twenty-eight places Massachusetts which were cities 1891, 
the average rate which was only 4.62 per During the 
four years this term the Lawrence death rate was 10.30 per 000, 
while the average for the other cities was practically the same for 
the entire period. 

inquiry made the State Board Health into the cause 
the excessive mortality from this disease Lawrence developed the 
fact that from 1889 1893 the prevalence typhoid fever followed 


Extended reference the prevalence typhoid fever Lawrence compared 
with other cities Massachusetts, and the early decrease death rate due the intro- 
duction water, may found the papers Mr. Hiram Mills, Chairman 
the Committee Water Supply and Sewerage the Massachusetts State Board 
Health, published the Annual Reports the Board, follows: hoid Fever its. 
Relation Water Annual Report, 1890, pp. 525-543; The Filter the Water 
Supply the City Lawrence and its Annual Report, 1898, pp. 545-560. 
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with marked uniformity outbreaks this disease Lowell. The 
sewers that city discharge directly into the Merrimac River miles 
above the intake the Lawrence Water-Works. 

order show the benefit derived from the introduction the 
filtered water supply Lawrence, far may indicated the 
decreased prevalence typhoid fever, Table No. has been prepared. 
This table gives the number reported cases and deaths from this 
disease during the six years prior the year construc- 
tion the filter, and during the six (1894-1899) following its 
completion; together with the same data for the intermediate year, 
1893, and the past year, 1900. The average death rate from this disease 
for the State has been added for purposes comparison. 


TABLE No. FEVER AND THE DEATHS 
THEREFROM LAWRENCE, BEFORE AND AFTER THE 
INTRODUCTION FILTERED WATER SUPPLY. 


fever death 
cases for 
Iting 
Total re- Per Per 000 tate 


tion.t tion.t 


193 43 60 13 31 3.78 

YEARS FOLLOWING CONSTRUCTION. 

92 18 24 4.8 26 3.1§ 

72 13 9 1.6 12 2.3§ 

duction 55 65 72 7.8 35.0 

construction 141 8.0 3.1 


*Compiled from Lawrence and Massachusetts Board Health Reports and other 
sources. 
Population for years intermediate between census enumerations have been interpo- 
ated. 
this number occurred during the first eight months before the 
introduction filtered water September. 

Compiled from Massachusetts State Board Health Report for 1898, 807. 

Compiled from Massachusetts State Board Health Report for 1899, 726. 
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will seen that the average percentage cases resulting death 
during the first period was much greater than during the second. 
significant that study the State Board Health each case 
the disease resulting death, during the years from 1894 1896, 
and 1898, showed that during the first year question, persons, 
representing the deaths from the disease the city, were 
known have used for drinking purposes the polluted canal water; 
only, the total number dying from the disease was known have 
used canal water for drinking. 

order prevent the further use the canal water, the drinking 
which had long been customary among the operatives the various 
factories, notices warning were posted, after the introduction the 
filtered water supply, all places where this polluted water was avail- 
able. believed, however, that considerable length time was 
required bring about among the laboring people clear understand- 
ing the actual danger involved drinking the unpurified water. 

The average death rate from typhoid fever the State Massa- 
chusetts during the groups years considered the table, shows that 
the mortality from this cause has been decreased per cent. 


apparent decrease for Lawrence alone was 78%; but deducting the 


possible effects, indicated the figure above, improved sanitary 
conditions, including the general introduction public water sup- 
plies, and better methods medical treatment, the actual benefit 
derived from the use filtered water may perhaps fairly repre- 
sented the prevention the deaths persons out every 100 
dying from typhoid fever Lawrence during the six years prior 
the construction the filter. 
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their many friends who have aided various ways make this 
description and the data contained therein exact and truthful. They 
desire express their obligations Mr. Marble, City Engineer 
Lawrence, for the preparation plan showing the location and 
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Mr. Hale, Am. E., the Essex Company, and 
the officials the various Municipal Departments, including the 
Board Health, and particular the Water Board and its Super- 
intendent, Mr. Salisbury, the writers are indebted for much 
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valuable Especial gratitude due Mr. Collins, 
caretaker the filter, who through his great interest this study 
has willingly furnished all the data and statistics his command. 

Further than this the writers desire express their acknowledg- 
ment the Massachusetts State Board Health, the results whose 
careful and comprehensive studies have been published their annual 
reports such detail make the work compilation satisfactory 
and not difficult. the designer the filter, Mr. Hiram Mills, 
Chairman of, the Committee Water Supply and Sewerage, the 
Board, the writers wish express their obligations for friendly advice 
and counsel. 
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SOME PECULIAR RAILROAD BRIDGE ACCIDENTS. 
Discussion.* 


Assoc. Am. Soe. (by letter).—A few weeks Mr. Aylett. 


ago there occurred, important railway system traversing the 
Southern States, one the most remarkable bridge accidents 
which the writer has knowledge. 

This disaster occurred the crossing the railway over small 
stream some 150 ft. width, and with average depth ft. 

That portion the structure over the channel consisted 
half-through girder span, while the east and west approaches there 
were 232 ft. and 118 ft., respectively, cypress pile trestling. 

The spacing the girders was ft. from center center the 
webs, and the cross-ties floor beams were 12-in. 
pine, resting shelf angles riveted the webs the girders. There 
heavy ascending grade both directions from the river, and 
presumed that trains attained high rate speed crossing the 
stream order facilitate the climbing the opposite grade. 

The girders were supported three pile-bents (cypress) under each 
end, each bent having five piles, these being sawed off and capped 
with two (criss-cross) layers 12-in. timbers, drift-bolted the 
piling, upon which the girders rested. The wooden portion the 
structure had recently been rebuilt, and the girders were reported 
have been first-class condition and amply sufficient for any traffic 
which they would subjected. 

December 14th, 1901, while local east-bound freight train, 
containing cars loaded with cross-ties, lumber and naval stores, was 


Continued from January, 1901, Proceedings. See November, 1900, Proceedings for 
paper this subject Boggs, Assoc. Am. Soc. 
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Mr. Aylett. crossing this stream, and after the engine and cars had crossed the 


girder span, the girders were suddenly knocked from their seats the 
derailed trucks body box car, the ninth car from the engine, this 
car striking the end the down-stream girder. The fall the spar 
precipitated the following cars into the river, breaking down the 
pile-bents the west portion the trestle until the wreckage had com- 
pletely filled this space and was piled over ft. above the base 
rails. flat car stood vertically the summit this pile wreckage. 

The box car which struck the girder became derailed some 250 ft. 
before reaching the trestle, was indicated the flange marks 
the cross-ties, and the car was leaning well over the right when 
reached the girder span. 

Upon striking the girder, the car knocked off its front cross-beam and 
lost both trucks, and, although loaded with cross-ties, passed over the 
opening and slid ft. beyond, upon the undamaged portion 
The stopped the foot this mountain wreckage. 

The engine with eight cars passed over the girders safely before 
these were struck the ninth car, which, although truckless, followed 
closely behind. 

Five days were consumed reopening the line for traffic, and 
would have been impossible have accomplished that time had 
not the wreckage been burned the water level, while fire engines 
were kept constantly playing upon the adjacent undamaged trestle. 
Even after the wreckage had been burned the water level, great 
difficulty was encountered pile-driving account the sunken 
timber, barrels resin, etc., the bed the river being filled almost 
solidly with débris and naval stores. 

The writer has always been the opinion that ‘‘through girders” 
were subject damage and accidents greater extent than 
truss spans” the case derailments, and has always 
been opposed that abominable practice, much resorted 
cheap through-girder construction, resting the ties (or floor beams) 
upon bottom flanges angles riveted the webs the girders above 
the bottom flanges lieu complete floor system metal floor 
beams and stringers with riveted connections. 

this case, however, the cause cannot attributed, any direct 
way, the shelf-angle construction. The writer believes, however, 
that possibly this disaster would have been avoided had these girders 
been protected inside bridge guards, and also probably avoided 
had the girders been spaced further apart. 

the writer’s practice space through girders ft. and 
over between centers flanges girders, using steel floor system 
with riveted connections, all through girders having inside guards. 

The direct cause the derailment was broken one the 
wheels the ninth box car, portions this flange being found 500 ft. 

from the west end trestle approach. 
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Discussion.* 


that and the critical points exist for web computation, and 
that permissible compare the panel stresses, given Table 
No. 
Commencing with the stresses the second panels Table No. 
the magnitudes which are noted and 12, have, 


Simple comp. stress, per unit 
length, along web, diagonal 


Simple comp. stress, per unit 


length along web, vertical 


Previously, was found that, for equal thickness the webs 
the two bridges, the stress the web the deck bridge was four- 
thirds much the web the through bridge, and that, there- 


Continued from 1901, See November, 1900, Proceedings, for 
paper this subject Schmitt, Assoc. Am. Soc. 


This continuation Mr. Schmitt’s discussion rep 


and was inadvertently omitted from the discussion published the February, 1901, 
number Proceedings. 
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fore, the actual ratio the stresses per unit length and 
will 


D 
Similarly, found, the first panel, the abutment, 


the third panel, that the center, compare (compression), 
with (tension). Both stresses are the same intensity, and both 
members are the same length. 

Referring the formula for permissible unit stresses the 


diagonals, will have for introducing for 


Assuming the permissible unit stress for tension, also, (no reduc- 
tion being necessary made for this kind stress), evident 
that, for equal thickness web, the two girders (loads being the 
same), the web the panel the center the deck bridge will 
stressed twice much the web the end the same panel the 
through bridge. 

Mr. Schaub’s deductions from his experiments, concerning the con- 
trary behavior the webs the two classes plate-girder bridges, 
seem, therefore, verified measure, and could not, per- 
haps, otherwise. occurs the writer, however, that what Mr. 
Schaub desires prove experiment can explained saying 
that, until now, the bridges” has failed recognize the 
two classes bridges (deck and through) plate girders, although 
distinguished these trusses long ago. 


reducing the labor computations, designing bridge and other struct- 
ures, are usually most value the person evolving the method. 
Therefore, with hesitation that the writer presents other methods for 
solving the problems, solutions which have been presented clearly 
Mr. Schmitt’s paper. 

the following graphical diagrams use made the principle that 


the simple stress ratio 
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any equation involving three variable quantities may readily solved Wing. 


for large range values the variables the use co-ordinate 
paper with two sets diagonal lines constructed correspond 
assumed values two the variables. 
Thus, the diagram, Plate IX, Fig. used solve the equation 
which and are variables. the bearing strength rivet, 
diameter bearing plate, thickness and capable resisting 


safely bearing stress per unit area.* The equation may 
thrown into the form 


The co-ordinate paper now used find the product and 
then, from this product, the value found for the given value 
Thus, the left the diagram, values from 000 Ibs. 
per square inch, covering the range ordinary practice, are laid off 
scale ordinates. Similarly, the bottom the diagram, values 
covering the range values the product are laid off abscissas 
some suitable Then diagonal lines are drawn corresponding 
nates, the equation any such diagonal, for given value 

the quantities this equation are all the first power, these 
diagonals are straight lines radiating from the intersection the vertical 
and horizontal through the zero values and respectively; for, 
when C=0, for all values Therefore, one other point 
each diagonal all that required determine its position the dia- 
gram. locate such points assume The following values 
result for the given values 


the horizontal through 000 plot the foregoing values 
and from these points draw straight lines the point intersection 
vertical through the zero the scale with horizontal through 
the zero the scale Points where these diagonal lines intersect 


the quantity termed page 1046 Proceedings for November, 


what follows, the writer has adhered the notation the paper closely 


+The numerical values are not shown the diagram, they are not prac- 
tical value. The scale ranges from 000 the left 000 the right. 
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horizontals through the scales will vertically above the value 
the Thus, find the product for any values 
and within the range the scales, follow the horizontal line 
through the right until intersects the diagonal line corresponding 
the value The required product will found the 
bottom scale vertically beneath this point. 

similar manner, laying off the right side the diagram 
values diagonal lines corresponding values are drawn radiat- 
ing from the intersection vertical and horizontal through the zero 
points the scales and respectively. before, one other point 


each diagonal line found from the equations such lines, 


assuming 2400) and plotting values corresponding 
assumed values Thus, find the value corresponding 
values and follow the vertical through the value until 
intersects the diagonal corresponding the value the required value 
this point. 

Finally, with the diagram constructed, find the value corre- 
sponding any values and within the limits the scales, 
proceed follows: Enter the diagram the point the scale the left, 
corresponding the value move horizontally the right the 
point intersection with the diagonal corresponding the value d,* 


from this point move vertically the point intersection with the 


diagonal corresponding the value the required value will 
found the scale values horizontally the right this 
Required, the value The diagram, Fig. Plate IX, entered 
and, following the dotted lines through and the value 860 
000 Ibs. per square inch, in. in., entering the diagram 
A’, and following through and the value 800 Ibs. 


found. 
The diagrams, Figs. and Plate IX, for the solution the equa- 


facilitate this method determining the spacing rivets 
girders, the equation given the author page for the case 


Note that the vertical through this value and that this 

are the second power; therefore the diagonal lines the diagram are 
straight lines, several points each curve must plotted order construct 
the diagram. Except for this additional labor, the method constructing the 
diagram the same for Fig. Plate IX. 


Am. Soc. E., for November, 1900. 
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which the load carried the girder distributed uniformly the Mr. Wing. 
flange angles, has been changed the form 

unit length.* 

The diagram, Fig. Plate gives solution the quantity 
Fig. Plate IX. 
‘means solving graphically the problems ordinarily arising practice 

concerning the pitch rivets girders. Thus, determine the pitch 
rivets the flanges girder, point where the shear 128 000 

square inch, Fig. Plate IX, entered the left, before, and 
the dotted lines followed Fig. which the point intersection 
the horizontal through the rivet value with the diagonal corresponding 
the flange angles, the required pitch rivets, found following 
the vertical through down the point horizontally the left 
the point which point corresponds value 128 000 the 
scale the right Fig. Plate IX. This point found lie very 
near the diagonal line for values therefore, ins. the 
pitch required. 

the load carried the girder distributed the flanges, with 
500 Ibs. per lineal inch, Fig. Plate entered the point 
intersection the diagonal corresponding 500, and the hori- 
zontal through the scale the right the diagram; the 
vertical through this point followed point corresponding 
128 000, shown the transverse diagonals. 129 500 
found horizontally the left this point The required pitch, 
determined the location the point and found 2.7 
ins. Practically, spacings varying less than }-in. are seldom used; 
therefore, ins. the required spacing the rivets the flanges 
girder under these conditions. 

100, the required pitch found ins., entering the dia- 
gram A’, and following the dotted lines through B’, 
Referring Fig. Plate IX, the point intersection the 
horizontal through and the diagonal 100, seen once 
that the fact that the load uniformly distributed the flange angles 
will not appreciably change the spacing the rivets. 
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the inch and pound are used units, must expressed pounds per lineal 
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Fig. Plate IX, shows clearly that, many the cases arising 
practice, neglecting consider the distributed load would cause 
but slight error. may well note, this connection, that 
the formula 

only approximately correct. Thus, con- 
sidering section girder between two 
rivets free body space equilibrium 
under the forces acting upon it: the 
assumption that the moment carried 
the flanges the line the pitch rivets, 
the reactions the portions the girder 
removed will shown the arrows 
Fig. 15. The body being equilibrium, 
the sum the moments about any point, 
the lower right-hand rivet, must equal 


Next, considering the forces acting one the top 
rivets, Fig. 16, the following results: 
[P'—PP4+v p= 
Substituting this value Equation (1), the value 
the required pitch rivets found 


The approximate value given Equation (2) the side safety, 
and practically sufficiently exact. fact, before stated, the error 
will slight, most cases, the distributed load entirely neglected. 

Figs. 17, and have been constructed the same methods used 
constructing Plate IX. Fig. replaces the author’s Tables Nos. 
and and gives solution the equation 

000 
which has values varying from 000 000; 
thickness web plate; 
shearing load for web plate without 


*The author’s notation has been changed this instance, order that may more 
closely correspond the notation used the preceding discussion. 
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Nine tables similar Tables Nos. and would required cover 
the range values given Fig. 17. Results can easily read 
the nearest 500 Ibs., which practically close required. Thus, 
with the value ordinate, the horizontal line through this 
point followed the right until intersects the diagonal line corre- 
followed its intersection with the diagonal corresponding 
value The value the safe total shear, 000 
found horizontally the right this point the scale values 

the total shear the greater than the safe total shear 
given above, stiffeners will have used, and the safe total shear, 
the required thickness web plate, determined Fig. 18. 

The method deriving the formula solved Fig. 17, will found 
Church’s Mechanics Materials,” page 383. spite testimony 
against the necessity using stiffeners, the writer still believes that 
the best results will obtained their use when required the 
foregoing formula. used, they should spaced distances 
apart equal the depth the girder, and riveted securely the web 
plate. The size stiffeners and the number rivets used fastening 
them the web plate should depend upon the judgment the 
designer, and not upon calculation. calculation resorted to, 
would the side safety design the two stiffeners with reason- 
able amount web plate carrying the same stress the post 
Pratt truss, similarly placed; that is, the total shear that section 
should carried the stiffeners and portion the web plate acting 
column. 

Fig. 18, giving safe shearing loads for web plates with stiffeners, and 
Fig. 19, giving the shearing values rivets, have been constructed 
similar manner the diagrams already described. 

The foregoing methods for the graphical solution questions are 
wide application, and, practice, are great value labor-saving 
devices. general, asingle graphical diagram will give greater range 
values than several pages tables. The results, however, with 
ordinary scales, are only approximately correct three places. The 
required accuracy results, therefore, will usually determine whether 
the more convenient graphical diagram can used substitute for 
set tables. 

page 1056* the author gives empirical rule for determining 
the depth girders. If, the author assumes, restrictions are 
placed the depth girder for given purpose, desirable 
use depth which will carry the given load with minimum weight 
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material the girder. This economic depth” very closely given 
the rule that the area the equals the area the web 


plates, 
maximum moment carried the flanges; 
safe unit stress for flanges; 
thickness web plates. 

This formula, while theoretically correct form, based the 
assumption that there variation the cross-section the girder, 
and does not make allowance for the weight details which not 
change with the depth girder. 

practice, depth about 10% less than that given the formula 
will found give the least weight for girder capable carrying 
given load. 

seems the writer that the rule given the author must result 
girders which are uneconomical and which have excessive deflections. 


made the several discussors, principally those regarding the problem 
the stiffeners, were, degree, anticipated. 

The (theoretical) solution this problem, seems, could effected 
two ways: One would be, figure the web for shear, then space the 
stiffeners according the formula presented Mr. 
prevent the buckling the web. The other method would be, 
away with intermediate stiffeners and figure the web for buckling. 
The writer, however, will repeat, with Mr. Chicotte, that, perhaps, 
the most that can said about this matter, that good judgment, 
based present practice, will usually safe guide special cases. 
Enough has been said regarding present practice” the discussion; 
repetition seems superfluous. 

Mr. Nichols’ remark, that would better use flange angles 
carry two rows rivets, instead one row, which case the 
depths the girder would have increased (under certain pre- 
viously mentioned circumstances), noted designers 


another serviceable constructive expedient, advantage more than 


one direction, and the writer has made use it. 

conflicts, however, with the desirable proposition obtain 
maximum section modulus with the least amount material. The 
material composing the flange area should placed far from the 
neutral axis practical considerations will allow. 


See Johnson and Turneaure’s Stresses Framed and article 
Henry Szlapka The Engineering Record, March 27th, 1897, for more elaborate discus- 
sions this formula. 

This formula not new; see notes Professor Swain (Mass. Inst. Tech- 
nology), which the writer had opportunity inspect, before writing the paper. 


Mr, Wing. 
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Mr. Jonson’s demonstration the internal stresses very interest- 
ing and instructive. The opinion, however, that stiffeners should 
arranged form complete lattice system, differs from that 
the writer, who has always held that stiffeners need used 
vertical position only, but, required, should spaced uniformly 
along the web. This arrangement converts the plate girder into 
truss, the web performing the duty the diagonals, subject either 
compressive tensile shear, the case may be. 

The writer’s object was, not present complete new theory 
the plate girder, but exhibit comprehensive, uniform and 
practical method spacing the rivets, and determining the point, 
from which on, toward the abutments, stiffeners are needed; including 
the reciprocal operations connected with the problem. 

The method shown seems him simply direct property 
the shear curve, developed form, and should find good appli- 
cation the presentation the theory the plate girder connection 
with its construction. 

The use special methods and diagrams for working out the same 
problem personal matter. privilege and source infor- 
mation become acquainted with other roads than one may have been 
accustomed travel. this respect, the writer acknowledges that 
has profited the discussion.* 

Mr. Wing’s graphical tables for solving the problems connected 
with the design the web plate girders cover, very likely, all the 
cases that may arise present-day practice. 

The writer believes that when the numerical tables, Nos. and 
giving the total buckling values webs, for 000 and 000 lbs. 
unit shearing stresses per square inch, are properly used, urgent 
need exists add seven more similar tables, cover the range 
values given Fig. 17. 

Let required, for instance, find the total buckling values 
for the unit shears 000, and 000 lbs.; the procedure 

For 000 Ibs. unit shear, add values Table No. one-tenth the same; 

Proceed similarly with the rivet tables. 

The writer will not enter upon the question the rapidity and ease 
with which the path the several lines leading final results can 
followed through the different diagrams Mr. Wing has presented, and 
the course which number turning points occur. would 
claim, however, that with his method the two main points, noted the 
heading the paper, are determined loco; that is, the rivet pitch 
and the stiffener point are produced upon the girder itself, when once 


The foregoing remarks were written before Mr. Wing’s discussion was received. 
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the shear curves for the loading have been plotted. This the writer Mr. Schmitt. 


considers achievement appreciated for its clearness and 
directness. 


The inexactitude the rivet formula for compound shearing 
stresses properly dismissed Wing unimportant; yet 
must stated that this formula, well the simple rivet formula, 
are both incorrect. This because account has been taken the 
fact that the web takes part the bending moment, that the 
stress carried the rivets connecting the flange the web 
less than the two formulas assume. The number rivets required, 
therefore, also less, and the pitch increased.* 


complete the paper, both sets formulas for rivet pitch are 
given here: 


For simple shear stress, the usual formula for pitch is, 


For simple shear stress, the correct formula for pitch is, 
p= Ss 
For compound shear stress, the usual formula for pitch is, 


For compound shear stress, the correct formula for pitch is, 


which area one flange section; 

The correct formulas can somewhat simplified expressing the 
area the web terms the area the flanges. According the 
rule for economic the sum the areas the 
flanges ought from times the area the web plate. 


Simple shear, correct formula for pitch, 


*See Johnson and Turneaure’s Modern Framed pages 298, 305 and 306. 
See Johnson and Turneaure, page 300, Section 282. 
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Compound shear, correct formula for pitch, 


= 3 = = 
instead for the case for simple shear; and decrease, 


graphically, the ordinates the main shear curves, the ratio 


for the case compound shearing stresses, obtain 

more exact results than those with which the ordinary theory satis- 
fied. The writer abstained from mentioning the correct formulas for 
rivet pitch, the time, because did not wish overburden the 
presentation his method, which not affected thereby, and, further, 
for the reason that their acceptance actual practice problematical. 
The approximations all tend toward greater safety. 

Mr. Wing’s apprehension that the empirical rule* given the 
writer would lead uneconomical girders, having excessive 


deflection, too general assertion, and should not accepted 
unreservedly. 


This rule used, was stated the paper, ordinary building 


practice only; that say, lighter structural work, and not 
heavier, and railroad work. 

The expression, ‘‘if restrictions are placed the depth the 
girders,” must not interpreted too literally; for, however contra- 
dictory this may sound, restrictions depths girders buildings 
will always exist. Interferences with door and window openings have 
guarded against constantly, and the projection girders beyond 
the ceiling line into rooms below has looked out for, also, with 
the same care. 

Mr. Wing is, perhaps, unaware the results, the other hand, 
which the formula cites for economic depths will lead, used 
building practice. 

The formula notes reads: 


Mr. Wing evidently refers the first one, which is, ins. ininches, 
feet). Proceedings, Am. Soc. E., for November, 1900, page 1056. 


Proceedings, Am. Soc. E., for April, 1901, page 290.—It may mentioned that 


Winkler finds See his Theory Elasticity and Prague, 1867, 
page 220. 
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This formula assumes girder supported the ends, uniformly Mr. Schmitt. 


loaded, and having constant cross-section. For the stated condi- 
tions, the formula can reduced very simple form. 
uniform load per inch; 


000 unit stress per square inch for the flanges; 


Introducing, now, and the formula for obtain 


or, 


not likely that any designer architectural engineering will 
avail himself the results this formula. 


Concerning Mr. Szlapka’s for economic depths, should 
noted that they are based different assumptions, and derived 
another manner. 


The depths finds are about the same those mentioned the 
writer. 


Mr. Szlapka’s formulas cover four cases: 
Case I.—One-ninth web allowed flange area; 


cover plates, 
girder with cover plates, 
cover plates, 


the excessive defiections presumed Mr. Wing take place 
girders, the depths which are derived the formula, 
the writer will state that they are well within the safe limit established 
the standard rule governing them building practice. 
This rule states that the beam girder shall not 
exceed the length the span, in. per foot 


The Engineering Record, March th, 

Proceedings. Am. Soc. E., for November, 1900, 1056. 

This rule mentioned all mill handbooks and treatises building construc- 


tion, and the writer thinks Tredgold was its originator. rule, limiting the 
railroad bridges, seems exist. 
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This rule, algebraic form, reads, 


which inches and feet. Although this rule looked 
upon thoroughly reliable and safe one, being, fact, standard 
building practice, and recommended such architects safe 
guide; will found, nevertheless, that their beam tables all the 
mills differ from excess.* This leads the adoption deeper 
and heavier beams than circumstances require. evident that the 
excess material put into floor beams this manner will consid- 
erable item, particularly the modern type tall buildings. 

The derivation this formula very simple. From applied 
mechanics known that girder supported the ends, uni- 
formly loaded, and with constant cross-section, has deflection (in 
inches) 
wherein, modulus elasticity 000 000 lbs. per square inch 

moment inertia the cross-section 
load per inch length 

known, further, that the bending moment and moment 
inertia have the following relations: 


2 2 
Introducing this last term the formula for deflection, 
deflection 
stated before, this deflection should equating now, 
obtain 


introducing this equation the known quantities, 000 
000 000 Ibs., 


desired derive the depth the girder inches, when the 


whence, 


or, better, 
words, one-half the number which expresses the span the girder 


Except the tables the Handbook the Cambria Steel Company.” 
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feet gives the depth inches for beam which will not deflect more Mr. Schmitt. 


than its span. 


Dividing, now, the exact depth required the depth determined 
the empirical rule, their ratio taken inversely will the ratio the 
defiections for the two cases. 


have (all dimensions inches), 


exact depth, 0:5 
0.5 


Exact defiection 0.6 
Assuming, now, for example, ft., 360 ins., the foregoing 


ratio would and the limiting deflection, terms the length 


the span, would be, 

360 


Even the constant neglected, the general formula for ratio 
The foregoing will prove, therefore, that the empirical rule given 
for depths girders, ordinary building practice, ought not 
objected to. 
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FLOW THE SEWERS THE NORTH METRO- 
POLITAN SEWERAGE SYSTEM 
MASSACHUSETTS. 


Discussion.* 


Am. Soc. E.—Mr. Hering’s remarks 
remind the writer experience had Omaha, practically the 
same nature. The sewer system originally built there 1881 1882 
was made wholly vitrified pipe, the laterals all being 6-in. They 
were short, those first built extending, probably, not more than one- 
half mile; the lower two-thirds having grade about ins. 100 
ft., and the remainder anywhere from ft. 100 ft. The upper 
end was provided every case with flush-tank, but these worked 
very irregularly, and, probably for weeks, not all. The system was 
built entirely without manholes the laterals, and, after the sewers 
had been use perhaps years, the laterals which the greatest 
number connections had been made became clogged, and gave 
great deal trouble. was necessary dig down and open the 
pipe, and then this growth that Mr. Hering speaks was discovered. 
extended practically through the whole length the sewer, 
grade was light. part where the residences were had very few con- 


This discussion (of the paper Theodore Horton, Assoc. Am. Soc. E., printed 
Proceedings for January, 1901) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 

Communications this subject received May 25th, 1901, will printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 
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nections. The only way the sewers could cleared out was digging Mr. Tillson. 


down intervals perhaps 250 300 ft., putting through and 
then dragging ball after it. great deal attention was required 
keep the sewers clear, and, eventually, manholes were built every 
364 ft., and the sewers were kept clean flushing, until the connections 
became numerous that was necessary rebuild the sewers and put 
18-in. pipes, after which there was trouble all. But does 
seem that, these small pipe sewers, unless there sufficient flush 
keep them approximately clean, there will this growth theinside 


the pipes, which will materially reduce and almost entirely destroy 
their efficiency. 


Regular flushing, however, will keep them clean. The sewers 
which were built afterward, where the flow was slight and where there 
were better regulated flush-tanks, gave trouble all. 

The growth referred was sort fungus the streamer style, 
perhaps ins. long, and very bulky when was first taken out; 
but after exposure the air would dry and almost disappear. 


Assoc. Am. Soc. E.—The speaker cannot, Mr. Whipple. 
course, tell just what organisms were growing upon the walls this 
particular sewer without making examination, but, order that 
may placed matter record connection with the paper, 
will very glad make examination any material which the 
author may send him, and transmit the results letter. 
The organisms which grow sewers are very different from those 
which grow water pipes. Speaking broadly, may said 
those found water-pipes belong the animal kingdom, while those 
found sewers are vegetable forms very low type. 


DISCUSSION FLOW SEWERS. 299 


water- 
mains have the fresh-water sponges and several genera Bryozoa, 


such Plumatella, Fredericella, Paludicella, organisms which 
require oxygen, and which, for their food, depend upon the microsco- 

pic organisms found water. has been found that large amount 

q 


suspended matter, however, prejudical their growth, clogs 
their minute pores. For this reason sponges and Polyzoa are found 
upon the top and sides pipes rather than upon the bottom. 
easy see, therefore, how the suspended particles and greasy sub- 
stances found sewage would tend prevent these organisms from 
becoming fixed upon the walls sewers. far the speaker has 
examined deposits sewers has never found any the sponges 
Bryozoa present. 

The organisms which most abound upon the walls sewers, and 
upon the sides tanks through which sewage passes, belong the 
fungi—plants which have chlorophyll and Lacking these, 
they are unable assimilate inorganic matter, and, consequently, have 
saprophytic parasitic existence; that is, they live upon dead 
organic matter upon some living host. Most the fungi consist 
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Mr. Whipple. two parts, the mycelium and the fruit. The mycelium the vegetative 
portion the plant, and often mass delicate, jointed, branched, 
colorless filaments intertwined form cottony felty layer. 
these mycelia which grow luxuriantly upon the walls receptacles con- 
taining sewage. The fruit consists certain terminal filaments erected 
from the general mass and bearing spore-cells various kinds. 
chiefly differences the method fruiting that the different fungi 
are distinguished from each other. Hence, when only the mycelium 
found, difficult and often impossible identify the specimen. 
those fungi most commonly found sewers, may mentioned: 
Cladothrix, Beggiatoa, Mucor, Penicellium, Aspergillus, 
Saprolegnia, Leptomitus, Achlya, Saccharomyces, etc. 

*On March 19th, 1901, the writer received from the author three 
samples material taken from the walls the sewer. These were 
examined microscopically with the following results: 


Sample No. Coating scraped from sides sewer. When 
place consists layer black material in. thick, attached 
the wall, and this covered with thin gray coating, which gives the 
gray appearance the 


The black mass essentially mass bacteria interlaced with 
threads Beggiatoa and mold The black color due chiefly 
sulphur compounds, held, perhaps, the Beggiatoa. Many the 
bacteria were the state, but many cells were seen singly, 
pairs and chains. were common. Many yeast-cells (Saccha-. 
romyces were present, and few grains starch and globules 
fat. The gray surface coating consists chiefly interlaced mycelium 
threads. These are part mold hyphe and part threads Lepto- 
mitus. One branch was observed fruit. micro- 
scopic organisms, such Meloseva, Rotifer, etc., were 
found entangled the mass. 

Sample No. Sample the gray coating separated from the sur- 
face the black material mentioned under Sample No. was 
about in. thick.” 

mentioned above consisted interlaced mycelium threads, 
with yeast cells, starch grains and Beggiatoa filaments, with bacteria cover- 
ing all. this sample there were many ciliated infusoria, such 
Glaucoma, Trachelocerea, Paramecium, 


Sample No. streamers which are attached the 
coating the sides the sewer, and which float out into the stream.” 


These consisted Leptomitus, the common sewage 
The Leptomitus are long, cylindrical, branched, and deeply 
constricted intervals and the point branching. Near the con- 
striction there usually globular body, like oil-globule. The 
grayish protoplasm generally occurs evenly distributed lumps, but 
sometimes arranged concentric masses. The zoospores are 


*The remainder this discussion was received from Mr. Whipple letter. 
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were observed the sample. The hyphe are practically colorless. 

Leptomitus often develops great masses upon the walls sewers 
and the banks polluted streams. The writer has several times 
seen forming layers from ins. thick, and easy believe 
that small pipes may almost completely choked Apparently, 
grows best the absence oxygen, and this respect agrees with 
Beggiatoa, and 

Sample No. General deposit from material sides sewer.” 

The bulk this deposit consisted mass small worms embed- 
ded amorphous matter bacterial origin. Mold hyphe were abund- 
ant, but there was little Leptomitus. Several fragments paper and 
small piece cloth were found, besides several fibers wool, pieces 


straw, etc. This sample contained more microscopic organisms than 


formed club-shaped terminal sporangia. few these sporangia Mr. Whipple. 
the others. 
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THE CONSTRUCTION GRAVITY SAND FILTERS 
NYACK, 
Discussion.* 


cussion, Mr. Haring calls attention the unequal loading the 
bottom while filling the filters with sand. That serious trouble 
should anticipated from this cause will evident from the follow- 
ing: The maximum inequality loading took place when placing the 
sand. This amounted 330 lbs. per square foot, less than the 
increase pressure caused man walking the concrete bottom. 

Again, the operation filling occupied more than month, any 
uneven settlement would have occurred while was progress, for, 
when completed, there was unequal loading. there was 
visible rising the unloaded portion, assume that there 
was serious settlement the loaded portion. The actual load 
the bottom about 900 lbs. per square foot. Assuming the angle 
repose the material 10°, Rankin’s formula gives 000 lbs. per 
square foot the safe load. 

The conditions which led the changing the vertical walls 
slope paving were follow: When the plans were being prepared for 
resuming the work construction, was found that the banks the 
excavation above the sheeting were eroded varying from 


Continued from March, 1901, Proceedings. See December, 1900, Proceedings for 
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not sufficient for the proposed embankment. material make Mr. Houston. 


this deficiency would cost from cents per cubic yard, 
was proposed change the vertical wall slope paring, thus saving 
cu. yd. per linear foot wall cents per yard, cents. 
This, with cents per linear foot favor slope paring, total 
saving cents per running foot wall. This slope paving was 
practically completed November, 1899, and has been through two 
severe winters without showing any signs lack stability, and 
excellent condition. 

The method building the enclosing walls sheeted trenches, 
described Mr. James Fuertes, was suggested the first contractor 
and his engineer during the early part the work, but was not adopted 
them. 

The dome the pure-water well was built centering composed 
ribs radiating from 2-ft. cylinder the crown. These ribs 
were sawed the proper are from 2-in. plank, and notched 
rest the inner edge well. The 12-in. dome was built this, 
after covering with small boards. supports were used below. 
The cost this centering, place, was about $60. 

Mr. Hazen, his report the Commissioners, does not dis- 
cuss the relative merits supplying the beds gravity and 
low-lift pumps, but simply recommends the first method, the writer 
cannot state the original reason for locating the beds. supposes, 
however, that was avoid the maintenance the duplicate centri- 
fugal pumping plant which would necessary. The filters have been 


running continuously since they were completed and are giving the 
village excellent water. 
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MEMOIRS DECEASED 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


JAMES COLWELL ALDRICH, Soe, E.* 


3p, 1900. 


James Colwell Aldrich was born Chopmist Hill, Scituate, Provi- 
dence County, July 24th, 1838. The land comprising Chop- 
mist Hill lies the west side the seven-mile line included the 
original ground purchase Providence Plantation, which was laid out 
and conveyed committee the early proprietors, consisting 
Henry Harris, Providence, and John Walton and Richard Steere, 
Gloucester, the last named being Aldrich’s ancestor and Justice the 
Court Common Pleas for the County Providence during many 
years the reign George II. 

James Aldrich’s father’s name was James, and belonged the 
well-known New England family. His mother was Abigail Colwell, 


whose emigrant ancestor America, Robert Colwell, was born 


Warwickshire, England, 1630, came Providence 1653, where 
settled, and removed Long Island 1667, where died. Abigail 
Colwell’s forefathers were educated the art war and the kindred 
sciences. Her grandfather’s brother, Colonel John Colwell, commanded 
the Third Regiment, Rhode Island Colonial Brigade, and her grandfather, 
William Colwell, married Lucia Arnold, one the three daughters 
Caleb Arnold, the patriot known the father the Revolutionary family, 
consisting eight sons and three sons-in-law, who served the Con- 
tinental Army. One son, Othonial Arnold, received his death wound 
the battle Bunker Hill, and Caleb Arnold, the patriot, was sent 
Deputy the Rhode Island General Assembly from 1773 1778, was 
paid State bounties 1778, and served the War Committee and the 
Committee for Recruits 1780. This family Arnolds great 
antiquity, having their origin among the ancient Princes Wales, and, 
according pedigree recorded the College Arms, they trace from 
the second son Cadwalader, King the Britons 

James Aldrich was graduated from the Scientific Department, 
Dartmouth College, the Class 1859, and immediately secured 
position engineering party commanded Colonel Silvester 
Mowry, fitting out Providence, journey overland from St. Louis 
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Arizona. Indian hostilities caused delays, and, tired waiting, sailed 
the ill-fated steamship North Star, via the Isthmus, for California. 
After eventful passage disaster and danger, arrived San 
Francisco, where served for while the Land Department the 
Law Office Giles Gray. 

taught school the Mission San José, which Beard, 
who, with others, afterward founded and built Washington College, near 
that locality, was Trustee. While thus engaged, Colonel Fred. Lander 
tendered him position the overland wagon road surveys,* which 
Colonel Lander took command all available forces. changed the 
programme, however, and, later, came the old Butterfield Route, Los 
Angeles and Ft. Yuma, the Gila River, through Tucson, Apache 
Pass, Paso, Ft. Davis and Ft. Chadbourn, the vicinity old Ft. 
Graham, Texas. 

This was after the John Brown raid, and civil war was imminent. 
then pushed through the Indian Territory and Ft. Smith the 
terminus the Pacific Railroad, then westward only miles from St. 
Louis. 

next taught Military School the Hudson, and worked inter- 
vals for Chickering and Mapes, Civil Engineers, Wall Street, New 
York City. While there made some the earlier preliminary sur- 
veys, under charter for railway the west shore the Hudson 
River; but his active life commenced forming the acquaintance 
George Hopkins, civil engineer, whom was introduced 
Israel Smith, Engineer the New Jersey Railroad and Transportation 
Company, under whom was assigned position Hopkins’ work, 
the construction the Bergen Point Railway. 

next went with the company’s experienced Locating Engineer, 
Edward Everett, the final location for the Rahway, Woodbridge and 
Perth Amboy Railway, and the following spring aided the late 
Chesbrough, the location the Taunton, Somerset and Fall River 
Railway. now became permanently connected with the Engineer 
Corps the New Jersey Railroad and Transportation Company (United 
Division, Pennsylvania System), and for several years during the Civil 
War served Assistant Engineer and Superintendent Construction 
new lines and terminals. 

was also employed the earlier topographical surveys for the 
maps and plans, before the Legislature Trenton, for the water- 
works New Brunswick, J., which Millard Smith was Acting 
Chief Engineer. 

His next work was the construction the Flushing and Manhasset 
Railway extension Long Island. 

Mr. Aldrich then became associated with John Houston, Chief 


*See advices the Interior Department, from Magraw’s Section, Wagon Road Ex- 
pedition, Indian War. 
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Engineer the Long Dock and the Bergen Tunnel and Erie Railway; 
Houston acting Consulting Engineer all lines seeking connection 
with the Erie and entrance New York City way the Bergen 
Tunnel, and Aldrich performing professional duty location the 
rugged line from Hancock through Delaware County, and the New 
York and Newburgh, known the short cut, the Newark and Paterson 
and the New Jersey Southern, extending Atlantic City and Penn’s 
Grove, opposite Wilmington, the Delaware. 

these different roads his professional lines were conjunction 
with those George Earl Church, Am. E., later the 
Amazon River Improvement, Edward Everett, Bruyn and Will- 
iam Sneden, Chief Engineer and General Manager the New Jersey 
Southern Railway. 

was during this era busy life that was called 
Brooklyn, Y., the late Benjamin Frost, Am. Soe. E., 
afterward Hoosac Tunnel fame, push with diligence the topo- 
graphical surveys used basis upon which Mr. Fred. Law 
Olmstead was make study and design lay before the Legis- 
lature Albany advocate the interests the Brooklyn Park 
bill. 

Mr. Olmstead’s plan proved success, and for over four years, 
Division Engineer, Mr. Aldrich gave this great work his undivided 
attention. 

Mr. Aldrich next went Chicago, the interest Messrs. Olm- 
stead and Vaux, Landscape Architects, the layout Riverside, 
suburban city. his return New York took charge the 
construction the Spuyten Duyvil and Port Morris Railway (Van- 
derbilt’s Hudson River Railway entrance into Harlem); then went 
with Mr. Edward Everett the difficult location the Rochester, 
Mt. Morris and Munda Railway, and the same winter completed 
the topographical survey for study and design for cemetery 
Middle Hope, the Hudson, for the City Newburgh. Following 
after came the nice surveys for the extension the northern limits 
New York City, and then, company with the late John Houston, the 
examinations and triangulations the Passaic River and its tribu- 
taries, the interests the United Societies the State New 
Jersey. 

Mr. Aldrich now made four-years’ engagement accompany Mr. 
Houston Peru and Bolivia, but, the eve departure, was allowed 
cancel and accept Government position, first under the late 
George Elliott, Am. Soc. E., Engineer Secretary the Light- 
House Board, A., and later Aide and Assistant Engineer 
General Babcock (Engineer Public Buildings and Grounds, 
Chief Engineer the Washington Aqueduct and Private Secretary 
President Grant). 
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Mr. Aldrich was elected Member the American Society Civil 
Engineers May 7th, 1873. October, 1873, was appointed 
Assistant Landscape Engineer, Department Public Parks, New York 
City. 

After completing this engagement went Rhode Island and 
entered upon the task tracing double-track, medium-grade railway 
location from tide water some point the Connecticut River be- 
tween Windsor Locks and Springfield, Mass., constructed the 
combined interest the Connecticut-Poughkeepsie Bridge System, 
Boston and Albany, and Vermont Central Railways. This was pro- 
ject which had enlisted the services the late Chesbrough, 
early 1863, but there were topographical data the inter- 
vening territory, and all previous profiles had ended high the 
air, the route was generally considered impracticable. Aldrich, how- 
ever, from his earlier acquaintance with its New England features, 
was prone believe its available possibilities, and associated with 
himself the veteran locator, Edward Everett, and Beach, who 
had already made such success stadia measurements the canal 
surveys across the Isthmus. entered upon exhaustive examina- 
tion the three most probable lines, and finally established favorable 
and scientific location. Afterward, rendered material aid securing 
the charters the three States. 

next accepted position the working the maps, plans 
and contracts the Riverside Avenue Improvement, Department 
Public Parks, New York City, and was appointed Superintending 
Engineer, which position retained for two years, until change 
occurred the political complexion the Park Commission. After 
this (in the interest Austin Corbin and Western bankers), took 
charge heavy railway construction the south side Long 
Island. 

was now tendered two positions, one portion 
Mexico and the other mountainous line connect with the Santa 
System. But the effects past exposure and the inroads chills 
and fever extremely sensitive organization had begun, and his 
physician called halt. 

Ambitious and active, his work had required brave bodily toil, cour- 
ageous persistence and studious thought. cost him, too, what may 
hearten us, and what the topping sparkle our record are 
apt forget—frets, worries and contentions—and learned, the 
school many teachers, benign forbearance and self control. Perfect 
integrity was observed all his affairs. His last feeble years were 
passed the homestead where was born, and which took great 
pleasure improving. 
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JAMES FRANCIS, Am. Soe. E.* 


Ist, 1898. 


James Francis was the second son the late James Bicheno 
Francis, Past-President, Am. Soc. E., and Sarah Francis, and 
was born Lowell, Mass., March 30th, 1840. His education was ob- 
tained mainly private schools the vicinity Lowell and Boston. 
the age years entered the Lowell Machine Shop 
apprentice, studying and working the different departments. Upon 
the call for troops the outbreak the Civil War enlisted the 
Second Massachusetts Regiment, and served until August, 1865. 
was with the Army the Potomac the winter 1862-63, partici- 
pated the battles Cedar Mountain, Chancellorsville, Antietam 
and Gettysburg, was with the troops sent quell the draft riots 
New York City, and afterward served along the lineof the Chattanooga 
Railroad and Sherman’s forces the march the sea. Mr. Francis 
was commissioned Second Lieutenant May, 1861, and rose the 
rank Lieutenant-Colonel July, 1865. was wounded his 
left hand the battle Antietam, and lost his little finger ampu- 
tation. 

After his discharge from the volunteer forces, Mr. Francis entered 
the engineering department the Hoosac Tunnel the autumn 
1865, assistant, and was engaged, chiefly, surveying and level- 
ing. Returning Lowell April, 1866, became assistant engi- 
neer the Proprietors Locks and Canals the Merrimac River. 
this position devoted himself the study hydraulic works 
and especially the important undertakings with which his father’s 
name associated. Upon the retirement his father from active 
service, Mr. Francis was appointed, January, 1885, Agent the 
Company, which position had the management the water 
power the Merrimac River, and the charge all the company’s 
property. 

The engineering problems involved the control the water 
power the Merrimac River had been thoroughly worked out the 
elder Francis, and the son, assuming control, followed, without 
radical departures, the plans work and methods management 
which his father had inaugurated. 


notable original work was his scheme for the regulation 


power the Concord River Whipple’s Falls, The con- 
flicting interests had, for years, engaged litigation over the matter, 
without approaching settlement, when the Court referred the whole 


Memoir prepared the Secretary from papers abstract Memoir 
published the Journal the Association Engineering Societies. 
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question Mr. Francis. designed system for the regulation 
the power, which has been operation since 1894, the satisfaction 
the parties interest. 

Mr. Francis’ dealings with corporations, with individuals, were 
marked absolute impartiality, and his honesty thought and pur- 
pose were apparent all his relations with his fellow-men. was 
severely hurt during work the Pawtucket Canal 1888, both legs 
being broken. recovered from these injuries, but few months 
before his death was thrown from never regained 
his former vigor after this accident, but lost strength steadily until 
his death. 

was married Caroline, daughter Franklin Forbes, 
Clinton, Mass., July 19th, 1873. Three children were the result 
this union: Joseph Clara and Duncan The first two survive 
their father, but the latter died early age. Mrs. Francis died 
August 13th, 1889. July 12th, 1892, Mr. Francis married Mary 
C., daughter Thomas Carew, Cambridge, Mass., who survives 
him. 

Mr. Francis served member the Lowell Board Aldermen 
1884 and 1885. director the Lowell Gas Light Company 


and the Railroad National Bank, and trustee and member the 


Board the Mechanics Savings Bank. 

Mr. Francis was elected Member the American Society Civil 
Engineers January 4th, 1893. 

was also Member the American Society Mechanical Engi- 
neers, the Boston Society Civil Engineers, the Institution Civil 
Engineers Great Britain, the Loyal Legion, the Massachusetts 
Military Historical Society, the Victoria Institute, the Philosophical 
Society Great Britain, and the Unitarian Society. 


GOUVERNEUR WRIGHT, Hon. Am. Soc. E.* 


2p, 1899. 


Horatio Gouverneur Wright was born Clinton, Conn., March 
6th, 1820. was seventh lineal descent from Benjamin Wright, 
who was officer under Charles England, and came over with 
other royalists this country during the protectorate Cromwell. 
was also descended from the well-known New England families 
Griswold, Chapman, Grinnell, Peabody and Alden. 

entered the West Point Academy 1837, and was 
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graduated 1841 with high honors. was promoted the 
army Second-Lieutenant the Corps Engineers July Ist, 
1841, and remained the Corps from that time until his retirement 
from active service March 6th, 1884, period forty-seven years, 
passing through all the grades, including that Brigadier-General 
and Chief Engineers. 

Soon after his graduation, was assigned duty Assistant 
Professor West Point, which capacity served for several years. 
then served for about two years assistant the Board Engi- 
neers having charge the designing the sea-coast defences the 
country. 

1846, General Wright commenced active practice construct- 
ing engineer, and continued this duty for about ten years. 
this time the eminent military engineer, General Totten, was Chief 
the Corps Engineers, and under his direction the military defences 
the country were being rapidly constructed upon system which 
then had superior the world. The armaments and magazines 
were covered masonry walls which were impenetrable the naval 
fire that day. Under General Totten’s direction, the young engineer 
officers were required make the detailed drawings for these works, 
superintend the cutting the stone, the mixing the mortar, the 
laying-out the work and the actual construction upon the ground. 
was this school that General Wright acquired that thorough 
practical knowledge the details construction which was often 
noticed officers serving under him later years. His principal 
service this class duty was the construction Fort Jefferson, 
Tortugas, Florida, the largest fort ever built this country, and 
Fort Taylor, Key West, Florida. 

1856, General Wright was ordered Washington assistant 
the Chief the Corps, and continued occupy this responsible 
and arduous position until the outbreak the Civil War 1861. 

The full record General Wright’s distinguished services mili- 
tary commander during the war cannot with propriety given this 
brief memoir, which relates rather his history engineer than 
his career soldier; but account his life would satisfactory 
which omitted mention his eminent military services during the Civil 
War. first battle Bull Run was Chief Engineer Heintzel- 
man’s Division. was commissioned Brigadier-General Volun- 
teers September 14th, 1861, and commanded brigade land forces 
the Port Royal expedition. February, 1862, left Port Royal 
with brigade Volunteers, and the middle March had captured 
Fernandina, Jacksonville and St. Augustine, and retaken possession 
Fort Marion and Fort Clinch. was promoted Major-General 
Volunteers July, 1862, and commanded the Department the Ohio 
until March, 1863. led division the battle Gettysburg and 
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the spirited assault Rappahannock Station (November 7th, 1863). 
Spottsylvania, May 9th, 1864, succeeded the command 
the Sixth Corps. was present with the Army the Potomac 
every engagement July, 1864, when was summoned from the 
front Petersburg with his corps the defence Washington, then 
threatened the Confederates under General Early. pursued the 
latter and defeated him Snickers Gap. the ensuing 
with the Army the Shenandoah under Sheridan, led his corps 
Opequan and Fishers Hill, and was command the army Cedar 
Creek. For gallantry Spottsylvania was brevetted Colonel, 
Brigadier-General Cold Harbor, and Major-General, A., for 
the capture Petersburg. 

The following extract quoted from the official order announcing 
his death the Corps Engineers: 

thanks the Legislature his native State, Connecticut, 
were tendered General Wright resolution June 14th, 1865, for 
his eminent services the late war, commander the first brigade 
that set foot the soil South Carolina, which were Terry and 
Hawley and Chatfield, and other noble soldiers Connecticut; 
commander the First Division the gallant Sixth Corps Gettys- 
burg, and through all the wearisome marches and sanguinary battles 
from that victory the fall the modest, yet great General Sedgwick; 
for the energy, skill and courage which from that sad day dis- 
played commander the Sixth Corps many brilliant engage- 
ments, and especially Cold Harbor, front Petersburg, 
Washington during the last rebel raid, the Shenandoah Valley 
Opequan, Fishers Hill and Cedar Creek, and the last bloody assault 


and terrible pursuit which, ending the capture Lee and his army, 
decided the fate the Rebellion.’ 


the termination the Civil War, 1866, General Wright 
returned duty Lieutenant-Colonel the Corps Engineers. 
From this time until June 30th, 1879, when was appointed Briga- 
dier-General and Chief Engineers, his most important service was 
member the Board Engineers for Fortifications and River and 
Harbor Improvements. 

the war period was time that tried men’s souls, the period 
directly following the war was time that tried men’s minds. The 
invention high-power guns and the introduction armored ships 
war had revolutionized the systems attack and defense. Old 
ideas had discarded, and was necessary work out the prob- 
lems military science with new data and from new points view. 
this time, also, the country adopted policy extensive river and 
harbor improvement, requiring the establishment new methods 
engineering administration and the investigation new engineering 
problems, some which were great importance and perplexity. 
connection with all these complicated and important questions, 
General Wright labored with patience, ability, wisdom and distin- 
guished success. unnecessary mention detail all the import- 
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ant duties with which was charged; the following Boards and 
Commissions, which was member, are noted merely exam- 
ples the character his services: 

Commission East River Bridge; Commission Europe 
collect information upon the fabrication iron for defensive purposes; 
Commission the Sutro Tunnel; Board Delaware Breakwater; 
Board Heavy Ordnance; Board Depressed Gun-Carriages; Board 
Mouth Mississippi River; Board Paving Pennsylvania Avenue, 
Washington; Commission Washington Monument, and Light- 
House Board. 

General Wright was appointed Chief Engineers June 30th, 
1879, and occupied that position until his retirement March 6th, 
1884. For this high and responsible office was peculiarly well 
fitted, both the extent and variety his professional experience 
and his personal character. repeated service assistant the 
Engineer Bureau the War Department had gained full knowledge 
the details the work that important office; and through his 
practical experience constructing engineer, and connection 
with many boards important engineering problems, thoroughly 
understood the difficulties with which his officers had contend, and 
they always received his earnest sympathy and encouragement. 

was man commanding presence and great personal 
charm; quiet and gentle disposition, yet wise, strong and decided 
all the duties which required his action. retired from the posi- 
tion Chief Engineers not only with the respect and admiration, 
but also with the affection all the officers under his command. 

was elected Honorary Member the American Society 
Civil Engineers March 3d, 1890. 

General Wright was married, August 11th, 1842, Miss Louisa 
Bradford, Culpeper County, Va. survived his wife and 
two daughters, Mrs. Mary Wright Wooton, New York City, and 
Mrs. Rosa Wright Smith, Washington, After his retirement 
from active service lived quietly his residence Washington, 
C., without professional work, and the charming hos- 
pitality his happy home will long remembered those who 
were privileged enjoy it. The memory this noble, able and 
faithful soldier and gentleman rich legacy his family and the 
corps upon which has conferred reputation and honor. 
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INSTITUTED 


PROCEEDINGS. 
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any its publications. 


SOCIETY AFFAIRS. 


CONTENTS: 
Minutes Meetings 
the Board Direction, 30th, 


Hours during which the Society House 


119 

Recent Engineering Articles Interest........ 122 


MINUTES MEETINGS. 
THE SOCIETY. 


May Ist, 1901.—The meeting was called order 8.40 
President James Croes the chair; Charles Warren Hunt, 
present, also, members and visitors. 

The minutes the meetings April and 17th were approved 
printed Proceedings for April, 1901. 

paper entitled Railroad Discrimination Against New York, and 
the Remedy,” Abel Blackmar, Esq,, was presented the Sec- 
retary, who also read communications the subject from Messrs. 
Andrew Green and William Raymond. The paper was dis- 


cussed further Messrs. Haines, Berg and Edward 
North. 


4 
\ 
| 
. 
| 
| 
| 
4 
| 
’ 
h, 
e, 
q 
I 
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Ballots were canvassed, and the following candidates were declared 
elected: 


MEMBERS. 


Mason Camp, Chicago, 

ALBERT SEARS CRANE, Sault Ste. Marie, Ont., Canada. 
Henry Duluth, Minn. 

Harpy Millinocket, Me. 

WILDE Hayes, Boston, Mass. 

Lewis Steelton, Pa. 

Henry Jr., Sault Ste. Marie, Mich. 
Bett Martin, New York City. 

New York City. 

TONNESEN, Berlin, Germany. 


MEMBERS. 


JEFFERSON CHAPLEAU, Ottawa, Ont., Canada. 
Francis, Peterborough, Ont., Canada. 
St. Louis, Mo. 

Jersey Shore, Pa. 

Port Limon, Costa Rica. 
New York City. 

GEORGE San Salvador, Salvador. 


The Secretary announced the election the following candidates 
the Board Direction, April 30th, 1901: 


JUNIORS. 


Joun Ety, Jr., East Orange, 
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The Secretary announced the appointment the following 
mittees take charge the arrangements for the Annual Con- 
vention: 


CoMMITTEE THE DIRECTION. 


CoMMITTEE. 


Haven, Chairman. 


Symons, CHARLES BRADLEY, 
Adjourned. 


May 15th, meeting was called order 8.45 
President James Croes the chair; Charles Warren 
Secretary; and present, also, members and guests. 

paper Capt. William Harts, Am. Soc. E., entitled 
Description Coos Bay, Oregon, and the Improvement Its 
Entrance the Government,” was presented abstract the 
author. 

The Secretary presented communication the subject from 
Haupt, Am. Soc. E., and the subject was discussed further 
Major Black, Am. Soc. E., and the author. 

The Secretary announced the arrangements which have been made 
reference the Annual onvention, and which will found 
another page. 

The Secretary announced the death the following members: 

PENNEFATHER RoTHWELL, elected Member January 29th, 
1868; died April 17th, 1901. 

Henry elected Member October 5th, 1887; died 
May 8th, 1901. 

elected Member October 6th, 1886; died May 14th, 
1901. 

elected Member October 1884; died 
March 1901. 


Adjourned. 


THE BOARD DIRECTION. 


April 1901, 8.15 M.—President Croes the chair; Charles 
Warren Hunt, Secretary; and present also Messrs. Bensel, Briggs, 
Haines, Hering, Knap, Seaman, Swain and Whinery. 

Action was taken the matter the proper form credit for 
articles republished from Proceedings and Transactions. 
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The Publication Committee and the Secretary were requested 

take action the matter the request received from the Verein 

Ingenieure, asking for co-operation the preparation 
Technolexikon English, German and French. 

the Society the matter the proposed Special Committee 
Rail Sections was authorized. 

Local Committee Arrangements for the Annual Convention 
was appointed co-operate with the Committee the Board: 

The following resolution was passed: 

Resolved, that the sense the Board that the Committee 
Arrangements should make effort secure free transportation 
connection with the Convention.” 

Applications were considered, and other routine business trans- 
acted. 


Two candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, June 5th, 1901.—8.30 business meeting will 
held, which ballots for membership will canvassed, and paper 
Morris Knowles, Am. Soc. E., and Mr. Charles Hyde, 
entitled Lawrence, Mass., City Filter: History its Installa- 
tion and Maintenance,” will presented for discussion. 

This paper was printed the April number Proceedings. 


Wednesday, September 4th, 1901.—8.30 business meet- 
ing will held, which ballots for membership will canvassed, 
and paper, entitled Detroit, Mich., the Effect 
Curvature Upon the Flow Water Pipes,” Gardner 
Williams, Am. Soc. E., Clarence Hubbell, Assoc. Am. 
Soc. E., and George Fenkell, Jun. Am. Soc. E., will 
presented. 

This paper printed this number Proceedings. 


Wednesday, September 18th, 1901.—8.30 this meeting 
paper, Leonard Metcalf, Assoc. Am. Soc. E., entitled The 
Antecedents the Septic Tank,” will presented for discussion. 

This paper printed this num ber Proceedings. 


THIRTY-THIRD ANNUAL CONVENTION. 


TIME AND PLACE. 


The Thirty-third Annual Convention will held Niagara 
Y., June 25th, 26th, 27th and 28th, 


HEADQUARTERS. 


The headquarters the Society, Secretary’s Office, Meeting Room, 
etc., will the HOTEL. 


MEETINGS. 


meeting the Board Direction, the time for which will 
announced one the meetings, will held during the Convention, 
required the Constitution. 


Tuesday, June 25th, 1901. M.—The President will deliver 
the Annual Address. 
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the close the President’s Address, the Business Meeting the 
Society will convene, and will take the proposed amendment the 
Constitution, and the proposed appointment Special Committee 
Standard Rail Sections, and any other business which may brought 
forward. 

The afternoon will free for visits the Pan-American Exposition 
the numerous points interest the vicinity. 

8.30 M.—Walter McCulloh, Am. E., address the 
Society The Bridges The address will illustrated 
with lantern slides. 

Wednesday, June 26th, 1901. M.—Meeting for general dis- 
cussion all papers which have been presented during the last six 
months, and the following topics which have been selected the 
Publication Committee: 


TOPICS FOR DISCUSSION THE ANNUAL CONVENTION, 


Topic 

the interests the profession, and the duty its members 
the public, require that only those who are competent allowed 
practice Civil Engineers 

Under what authority, through what agency, and upon what evi- 


dence competency, should applicants admitted the practice 
Civil Engineering 
Topic No. 
What stress tension and compression should allowed 
concrete 

What the proper modulus elasticity concrete 

Steel-Concrete Arches: 

(1) What should the ratio steel section concrete 
section, and what the best form and disposition the 
former 

(2) What consideration should given temperature 
changes and consequent stresses 

(3) What are the best proportions for concrete, and what 

the best method placing 


Topic No. 
Topic No. 


RESTRICTION WASTE. 
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has been deemed best assign further dates for meetings. 
Should necessary, advisable, adjourn the Business Meeting, 
that devoted Topical Discussion, either these meetings can 
adjourn the most convenient hour Thursday Friday. 


PROPOSED AMENDMENT THE CONSTITUTION. 


The following proposed amendment the Constitution will 


considered the Convention Niagara Falls, Y., prescribed 
Article IX, Section 


Amend Article III the Constitution follows: 


(a) changing the numeration the present paragraphs 

(b) prefixing new paragraph, ....1...., read follows, viz, 
Election membership every grade shall the Board 
Direction and respectively hereinafter provided.” 

(c) striking out the concluding ten words the present paragraph 
newly numbered and substituting place thereof the following, 
then proceed take action the applications.” 

inserting the first line new paragraph after the first 
occurrence the word ballots,” the words ‘‘for the election 
Corporate Members.” Also striking out the word 
porate before Member, the second line and inserting the words 
the Board” after the same. Also striking out the three 
concluding lines and substituting therefor, the following, viz 
Three more negative votes shal] prevent election candi- 
date. the case election the Board shall once notify the 
membership. the case failure elect the candidate shall 
notified. either case, all the correspondence pertaining thereto 
shall preserved the Board.” 

(e) striking out all the present paragraph newly numbered 
and substituting therefor new paragraph follows, viz, 
case failure elect candidate new application the same 
candidate shall not accepted considered until after the expira- 
tion one year from the date the ballot which his name was 
last presented for election. 

Harrop, 
WALLACE, 
STROBEL, 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST. 


(April 11th May 8th, 1901.) 


This list published for the placing before the members 


the Society the titles current articies, which can referred 
anu available engineering can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia, Pa., 30c. 
(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 
43) Journal, Franklin Inst., Philadel- 
50c. 
Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, Can. 
School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, 75c. 
(8) Stevens Institute Indicator; Stevens 
Institute, Hoboken, J., 
(9) Engineering Magazine, New York 
City. 
Cassier’s Magazine, New York City, 
25e. 


(11) Engineering (London), Wiley, 
New York City, 35c. 

(12) The Engineer (London), International 
News New York City, 35c. 

(13) News, New York City, 


The Engineering Record, New York 
City, 
(15) Gazette, New York City, 


and Mining Journal, 
New York City, 15c. 

Street Railway Journal, New York 
City. 35c. 

(18) Railway and Engineering Review, 

Scientific American Supplemen 
York 

(20) New York City, 10c. 

(a1) Engineer, London, Eng- 

and Coal Trades Review, Lon- 
aon, England. 

(23) Bulletin, American Iron and Steel 
assoc.. Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City. 10c. 

(25) American New York City, 

(26) Electrical Review. London, England. 

(27) World and Electrical En- 

gineer, New York City, 10c. 


(28) Journal, New England Water-Works 
Assoc., Boston, 75c. 

(29) Journal, Society Arts, London, 
Engiand. 

(30) Annales des Travaux Publics 
Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
seis, 


(32) Memoires Compte Rendu des Tra- 


vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille des Ma- 
chines. Paris, France. 

(35) Nouvelles Annales Construc- 

tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa., 


(46) American, New York City, 
(47) Mechanical Engineer, Manchester, 
Englan 


(58) Proceedings. Eng. Soc. Pa., 410 
Penn Ave., Pittsburg Pa., 50c. 

(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon-Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 10c. 


CURRENT TECHNICAL LITERATURE. 123 


LIST ARTICLES. 
Bridge. 
New Kew Bridge.* (12) Apr. 
Melan Arch Bridges over Fall Creek, Indianapolis, Ind.* (13) Apr. 11. 
The Suspended Structure for the New East River Bridge.* (13) Apr.18. (15) Apr. 19. 
The Strength Struts. Smith. (12) Apr. 19. 
Construction the New East River Bridge.* Apr. 20. 
Highway Bridge Contracts. Phillips. (13) Apr. 29. 
‘The Riverside Cemetery Bridge, Cleveland.* (14) Apr. 20. 
Bascule Bridge over the Chicago River Ashland Ave.* (13) Apr. 25. 
Erecting the End Spans the New East River Bridge.* (14) Apr. 27. 
Ashland Avenue Bascule Bridge, Chicago.* (14) Apr. 27. 
Military Bridges.* (19) 
‘The Suspended Span the New East River Bridge.* (14) May 
Pont Tournant sur Weaver, Northwich.* 33) Mar. 30. 
Etude Courbes Pouvant Servir Tracé Neutre des Arcs Grandes 
Portées. Lebert. (43) trimestre, 1900. 


Electrical. 


the Relative Advantages Alternating and Continuous Current for General 


Supply Electricity, Especially with Regard Interference with Other Interests. 
(42) 


The Card System Applied Central Electric Supply Stations. Farrerwhite. 
(26) Serial beginnin 22, ending Apr. 


Mar. 
The Construction Tramway Motor.* (26) Serial beginning 
Mar. 29, ending Apr. 


ystems. Meyer. (11) Serial beginning Mar. 29, ending 
apr. 19. 

Apparatus for Power Distribution from Central Stations.* Charles Scott. (3) Apr. 
Reconstructed Granite Insulating Material; Being the Report the 
Institute. (3) Apr. 
Electric Motors: Brief Outline Their Characteristics. A.Saunders Morris. (8) Apr. 

Electrolysis—The Effect Stray Trolley Currents. McGowan. (8) Apr 


the Antenna Wireless Telegraphy. Guarini and Poncelet. 
26) Apr. 


Notes Some Systems Laying Underground Cables. (26) Serial 
beginning Apr. ending Apr. 12. 


Direct Current Generators. Sydney Short. (26) Apr. 12. 
the New Physical Laboratories, Owens College.* Stein- 
al. (26) Apr. 12. 

The Maintenance Central Station Batteries. (26) Apr. 12. 

the Electrical Transmission Power Coal Mines. Ravenshaw. 
pr. 12. 

Manchester Electric Power Stations.* (26) Serial beginning Apr. 12, ending Apr. 19. 

New Bell Telephone Common Battery Exchange, Newark, J.* (27) Apr. 

Recent the Niagara Falls Power Plant.* Arthur Weeks. (46) Apr. 


Speed Variations Engines Alternators. A.H. Kruesi. (27) 
Serial beginning Apr. 18, ending Apr. 27. 


Two Surface-Contact Electric Railway Systems.* (13) Apr. 18. 

Electro-Magnetic Coils and Plungers.* Rankin Kennedy. (26) Apr. 19. 

Insulation Cables. (26) Serial beginning Apr. 19, ending Apr. 26. 

Large Electric Locomotive.* (16) Apr. 20. 

The Development the Telephone the Pacific Coast.* (27) Ape. 20. 

The Power Consumption Two and Four-Motor Cars. Pestell. (17) Apr. 20. 
Wigan Electricity Works.* (26) Apr. 26. 

Note the Use the Differential Galvanometer. W.S. Crawley. (26) Apr. 26. 
Reduction Arsenic Ores the Electric Furnace.* Carl Hering. (27) Apr. 27. 


Compounding Alternators Compensating Exciter.* Ernst Berg. (27) Apr. 27. 
Notes the Hewitt Lamp.* (27) Apr. 27. 


General Electric Exhibits the Conversazione.* (27) Apr. 27. 
Switchboards. Boyles. (17) Apr. 27. 

The Engineering Side Telephone Work the Pacific Coast.* (27) Apr. 27. 
Electric Distribution for Street Railways. Bancroft. (10) May 
Electrical Transmission Power from Mines. Prof. Caldwell. 
Electrochemical Action. (3) 


Electrolysis Water and Gas Pipes. den. (60) May. 


Electric Power Station the Virginia Electrical Railway and Development Co., Rich- 
Va.* (13) May 


Telephone Chicago.* (13) May 
Connection between Turbines and Generators.* Albert Herrick. (16) 


May. 


English Combined Central Station and Destructor Plant.* (27) May 
Ganz Transformers and Transformer Switches.* May 

Electricity the Pan-American Exposition.* (27) May 


The Sprague Multiple Unit System.* Frank Sprague. (17) May 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(April 11th May 8th, 1901.) 


This list published for the before the members 
the Societu the titles current articies, which can referred 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia, Pa., 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

43) Journal, Franklin Inst., Philadel- 
50c. 

Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator; Stevens 
Institute, Hoboken, J., 50c. 

(9) Magazine, New York 


1ty. 
Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 
(12) The Engineer (London), International 
News New York City, 35c. 
News, New York City, 


(14) The Engineering Record, New York 
City, 
Gazette, New York City, 


and Mining Journal, 
New York City, 15c. 

Street Railway Journal, New York 
City. 35c. 

(18) Railway and Engineering Review, 

Scientific American Supplement, New 

(20) tron New York City, 

(a1) Engineer, London, Eng- 

Iron and Coal Trades Review, Lon- 
aon, England. 

(23) Bulletin, American Iron and Steel 
assoc.. Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City. 

(25) Engineer, New York City, 


(26) Electrical London, England. 
(27) World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New England Water-Works 
Assoc., Boston, 75c. 

(29) Journal, Society Arts, London, 

Engiand. 

(30) Annales des Travaux Publics 
Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
seis, 


(32) Memoires Compte Rendu des Tra- 


vaux, Ing. Civ. France, 
Paris, France. 
(33) Génie Civil, Paris, France. 


(34) Portefeuille Economique des 


chines. Paris, France. 
(35) Nouvelles Annales Construc- 
tion, Paris, France. 
(36) Revue Technique, Paris, France. 
(37) Revue Paris, France. 
(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 
(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery 

(42) Transactions, Am. Inst. Elec. Eng., 
New York 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa., 


(46) American, New York City, 
(47) Mechanical Engineer, Manchester, 
England. 


(58) Proceedings. Eng. Soc. Pa., 410 
Penn Ave., Pa., 50c. 

(59) Transactions, Mining Institute 
Scotland, London and 
upon-Tyne, 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 10c. 
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LIST ARTICLES. 
Bridge. 


New Kew Bridge.* (12) Apr. 

Melan Arch Bridges over Fall Creek, Indianapolis, Ind.* (13) Apr. 11. 

The Suspended Structure for the New East River Bridge.* (13) Apr.18. (15) Apr. 19. 

The Strength Struts. Smith. (12) Apr. 19. 

Construction the New East River Bridge.* Apr. 20. 

Highway Bridge Contracts. Phillips. (13) Apr. 29. 

‘The Riverside Cemetery Bridge, Cleveland.* (14) Apr. 20. 

Bascule Bridge over the Chicago River Ashland Ave.* (13) Apr. 25. 

Erecting the End Spans the New East River Bridge.* Apr. 27. 

‘The Ashland Avenue Bascule Bridge, Chicago.* (14) Apr. 27. 

Military Bridges.* (19) 

‘The Suspended Span the New East River Bridge.* (14) May 

Pont Tournant sur Weaver, Northwich.* 33) Mar. 30. 

Etude Courbes Pouvant Servir Tracé Neutre des Arcs Grandes 
Portées. (43) trimestre, 1900. 


Electrical. 


the Relative Advantages Alternating and Continuous Current for General 
Electricity, Especially with Regard Interference with Other Interests. 
(42) Mar. 

The Card System Applied Central Electric Supply Stations. Farrerwhite. 
(26) Serial beginning Mar. 22, ending Apr. 
The Construction Electric Tramway Motor.* Short. (26) Serial beginning 
Mar. 29, ending Apr. 

Alt ystems. Meyer. Serial beginning Mar. 29, ending 
apr. 19. 

Apparatus for Power Distribution from Central Stations.* Charles Scott. (3) Apr. 
Reconstructed Granite Insulating Material; Being the Report the 
Institute. (3) Apr. 
Electric Motors: Brief Outline Their Characteristics. A.Saunders Morris. (8) Apr. 

Electrolysis—The Effect Stray Trolley Currents. McGowan. (8) Apr. 

the Antenna Wireless Telegraphy. Guarini and Poncelet. 

Notes Systems Underground Cables. Arthur-Devey. (26) Serial 
beginning Apr. ending Apr. 12. 

Direct Current Generators. Short. (26) Apr. 12. 

the New Physical Laboratories, Owens College.* Stein- 

al. (2 pr. 12. . 

The Maintenance Central Station Batteries. (26) Apr. 12. 

the Electrical Transmission Power Coal Mines. Ravenshaw. 

pr. 12. 

Manchester Electric Power Stations.* (26) Serial beginning Apr. 12, ending Apr. 19. 

New Bell Telephone Common Battery Exchange, Newark, J.* (27) Apr. 13. 

Recent the Niagara Falls Power Plant.* Arthur Weeks. (46) Apr. 13. 

Speed Variations Engines Alternators. A.H. Kruesi. (27) 
Serial beginning Apr. ending Apr. 27. 

Two Surface-Contact Electric Railway Systems.* (13) Apr. 18. 

Electro-Magnetic Coils and Plungers.* Rankin Kennedy. (26) Apr. 19. 

Insulation Cables. (26) Serial beginning Apr. 19, ending Apr. 26. 

Large Electric Locomotive.* (16) Apr. 20. 

The Development the Telephone the Pacific Coast.* (27) 20. 

The Power Consumption Two and Four-Motor Cars. (17) Apr. 20. 

Wigan Electricity Works.* (26) Apr. 26. 

Note the Use the Differential Galvanometer. Crawley. (26) 26. 

Reduction Arsenic Ores the Electric Furnace.* Carl Hering. (27) Apr. 27. 

Compounding Alternators Compensating Exciter.* Ernst Berg. (27) Apr. 27. 

Notes the Cooper Hewitt Lamp.* (27) Apr. 27. 

General Electric Exhibits the Conversazione.* (27) Apr. 27. 

Switchboards. Boyles. (17) Apr. 27. 

The Engineering Side Telephone Work the Pacific Coast.* (27) Apr. 27. 

Electric Distribution for Street Railways. Bancroft. (10) May. 

Electrical Transmission Power from Mines. Prof. Caldwell. (45) May. 

Electrochemical Action. (3) May. 

Electrolysis Water and Gas Pipes. Brigden. (60) May. 

Electric Power Station the Virginia Electrical Railway and Development Co., Rich- 

Telephone Tunnels Chicago.* (13) May 

Simple Connection between Turbines and Generators.* Albert Herrick. (16) 


May 
English Combined Central Station and Destructor Plant.* (27) May 
Ganz Transformers and Transformer Switches.* May 
Electricity the Pan-American Exposition.* (27) May 
The Sprague Multiple Unit System.* Frank Sprague. (17) May 
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Electrical—(Continued). 


Some Notes the History and Development the Multiple-Unit System Train 
Operation. George Hill. May 

Résonateur Oudin Bipolaire: Télégraphie sans Fils.* Rochefort. (32) Feb. 

par Courants Triphasés Haute Tension.* René Philippe. (33) 


ar. 30. 
Exposition 1900: Groupe Electrogéne 825 Kilowatts, Carels Kolben 
Cie.* Ch. Dantin. (33) Mar. 


Extraction Fer Four Electrique, par Procédé Strassano.* Gautier. (34) 


Apr. 
Marine. 


Taylor’s Analysis Applied Screw Ferryboat. Stevens and Charles Pauld- 


ing. (8) Apr. 

The Submarine Boats the Vertical Plane. Capt. William Hovgaard. (11) 
Serial beginning Apr. ending Apr. 12. 

The White Star Liner Celtic. (11) (12) 

Fifteen Years’ Development the 90-Foot Racing Yacht.* (46) Apr. 13. 

Launch the Pacific Mail Liner Korea.* (46) Apr. 13. 

Ten Years’ Naval Construction the United States. Prof. Biles. (11) Serial be- 
ginning Apr. 19, ending Apr. 26. 

The Algiers Floating Dock.* (62) Apr. 25. 

000-Ton Balanced Sectional Dry-Dock.* Wm.T. Donnelly. (13) May 

Launch the White Star Liner Celtic.* (46) May 

Turkish Submarine Boat the Nordenfeldt Type.* (46) May 


Mechanical. 


The Construction Foundry Patterns.* Herbert Aughtie. (47) Serial beginning Dec. 
15, ending Apr. 

Boilérs the Paris Exhibition. (12) Serial beginning Mar. 22, ending Mar. 29. 

Transport Wire Ropeways.* Serial beginning Mar. 30, ending Apr. 

Chains and Chain Gearing.* Charles Piez. (2) Apr. 

Experiments Niclausse Water-Tube Boiler. (12) 

New Assistant Cylinder. David Joy. Apr. 

The Diesel Oil Engine.* (26) Apr. 

Wireworks, and Sheet Mills Dorman, Long and Co., Middlesborough.* 

22) Apr. 


and Ductility Bronze Relation Temperature. Bach. (12) 


pr. 

the Balancing the Reciprocating Engines, Including the Effect the 
Connecting-Rod. Prof. Dalby. (11) Serial beginning Apr. ending Apr. 19. 

Machine Shop Practice. Dixon. (62) 

the Form Double-Tube Boiler.* Apr. 12. 

Steel Ball Bearings.* Apr. 12. 

The Incandescent System Gas Lighting. (12) Apr. 12. 

New Assistant Cylinder.* David Joy. (47) Apr. 18. 

Pneumatic Tools and Appliances Service. Pressinger. (47) Apr. 13. 

The Steam Consumption Different Size Engines the Same Type. (47) Apr. 13. 

500-H. Premier Gas Engine. Apr. 13. 


the Trials Count von Zeppelin’s Airship. Moedebeck. 
19) Apr. 13. 


Paris Automobile and Cycle Show.* (19) Apr. 

Marine Practice. Edwin Griffith. (47) Serial beginning Apr. 
ending Apr. 20. 

The Making Sub-Press Die.* Horton. (62) Apr. 18. 

The Burdict Automatic Bolt and Nut Machines.* (20) Apr. 18. 

Notable Crane Equipment.* (20) Apr. 18. 

Steam Boiler Efficiency. William Kent. (15) Apr. 19. 

Grisson Gearing.* Apr. 20. 

Thornycroft-Marshall Water-Tube Boiler.* (47) Apr. 20. 

The Bartlett-Kent Process for Rolling Seamless Pipe.* (20) Apr. 25. 

Some Recent Tests the Diesel Oil Engine. Bryan Donkin. (12) Apr. 26. 

Cooling Towers and the Removal Oil from Exhaust Steam. (14) Apr. 27. 

Ona Form Double-Tube Boiler.* (47) Apr. 

The Proportions Cylinders for Multiple-Expansion Engines. 
Inst. (47) Apr. 27. 

Estimation Hydrogen Sulphide Gas. C.C. Tutwiler. 
24) Apr. 29. 

Transmission Plant Buffalo, Y.* (64) May. 

How Should Boiler-Heating Surfaces Calculated?* (41) May. 

Portable Pneumatic Tools.* (41) May. 

Hydraulic Shop Tools.* (25) May. 


the Paris Exhibition; Some Continental Types.* Wansbrough. 
10) May. 


Alfred Hanssen, Assoc. 
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Mechanical—(Continued). 


Liquid Fuel; Some Conclusions from Recent Trials. Orde. (10) May. 

The Mechanical Engineering Machine Tools. Charles Griffin. (9) May. 

Steam Motor Truck Portable Power House. James Grieve Dudley. (9) May. 

Two Natural Gas Pumping Stations.* A.S. Moon. (64) May. 

The Boiler andthe Boiler Room. (64) May. 

Steam. (64) May. 

New Form Rotary Concrete Mixer.* (13) May 

Double Cableway for the New York Rapid Transit Railway Work.* (13) May 

Valve with Double Revolving Gate Disks.* (13) May 

Lecture Columbia Students the Gas Engine. Wm. Flint. (62) 

Horse-Power Gas Engine and Compressor. Eysenbach. (14) May 

‘The Mechanical Plant Baltimore Office Building.* (14) May 

Les Automobiles: Voiture Automobile Course Fin 1900, par 
Chasseloup-Laubat; Compte Rendu des Concours Motocycles, Voiturettes 
Voitures Tourisme, par Forestier; Compte Rendu des d’Auto- 
mobilisme Industriel, par Forestier. Feb. 

Entretoises Foyer Bronze Manganésé. Rodrigue. (38) Mar. 


Systéme Nettoyage Instantine sans Arrét Leur Chaudiére Vapeur. Solignac 
and Grille. (32) Mar. 


Chaudiére Marine MM. Solignac (36) Mar. 25. 
Navigation Aérienne.* Emile Dieudonné. (36) Mar. 25. 

Machine Raboter Universelle.* (34) Apr. 

Moteur Pétrole, Trois Chevaux.* (34) Apr. 


pr. 
Examen Toile d’Amiante pour Garniture des Pistons dans les Machines Vapeur. 
Pautier. (36) Apr. 10. 


Metallurgical. 


‘The Latest Belgian Blast Furnace. (16) Apr. 13. 

Metallic Alloys. (47) Serial beginning Apr. 13, ending Apr. 27. 

Electric Furnace for Smelting Iron. (22) Apr. 19. 

Practice the Athabasca Mine, Nelson, B.C. Nelson Fell. (16) Apr. 


Chemical Analysis ‘Aid Foundry Work. Robert Buchanan. (11 26. 
Copper Smelting the Lake Superior Region. James Cooper. (16) 


pr. 27. 

Modern Cupola Practice.* (10) May. 

Modern Smelting Equipment.* (41) May. 

The Bertrand-Thiel ess. John Cabot. (20) May 

Notes sur Quelques Modifications Apportées dans ces Derniéres Années Four Martin. 
Ch. Clausel Mar. 

Agglomération des Minerais Pulvérulents.* (33) Apr. 13. 

Military. 

Influence Submarine Cables upon Military and Naval Supremacy. George 
Squier. (19) Apr. 20. 

Modern British Ordnance.* Waldon Fawcett. (46) Apr. 20. 

Boer Field Artillery.* (12) Apr. 26. 

Essais Officiels des Aciers Canon France aux Etats-Unis. 
Heryngfet. (32) Feb. 

Routiéres des Trains Blindés Campagne.* Espitallier. 

33) Apr. 15. 


Les 1900, Baclé. (33) Serial beginning Apr. 13, ending 
pr. 20. 


Mining. 

Safety Lamps. Sydney Walker. (22) Serial beginning Mar. 29, 
ending Apr. 

‘The Prevention Accidents Coal Mines Caused Falls Roof and Sides. (22) 


Apr. 12. 
Shaft the Tamarack Mine, Michigan.* William Parnall,Jr. (16) 
18. 


Coal Mining under Sydney Harbor. Rae. (22) Apr. 19. 
Employment Metal Bars Coal Mining. (22) Apr. 19. 
The Tunnel; Bunker Hill Sullivan Mines, Idaho. Ulysses Hough. 


Apr. 25. 

Modern Colliery Surface Equipment.* (22) Apr. 26. 

‘The Coal-Field Somerset County, Pa. W.G. Irwin. (16) 27. 

Gold Mining Alaska: the Southeastern Part the Country, Its 
Formations and Some the Mines.* Prof. van Furman. (45) May. 

Brushy Mountain Coal Mines.* Evans. (45) May. 

‘Tunnels and Tunnel Schemes: The Adit and the Crosscut, Their Advantages and Disad- 
vantages. Prof. Arthur Lakes. (45) May. 

‘The Alabama Coal Fields; Their Location and Characteristics.* Henry McCalley. (45) 


(13) 


May. 
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Miscellaneous. 


Engineering Explorations Montana and Elsewhere the Rocky Mountains. Francis 
Blackford. (1) Mar. 


Forests and What Necessary Their Restoration. Joseph Rothrock. 
(2 r 


pr. 

Chemistry Its Relation Engineering. Prof. Frank Clowes. (12) Apr. 26. 

Les Publics Australie (Australie Occidentale).* André Mahoudeau. 
pr. 10. 


The Municipal Asphalt Plant Winnipeg, Man. (13) Apr. 

The Clayton Fire Extinguishing System.* (20) Apr. 11. 

How Tar Macadam. (24) Apr. 15. 

Concrete Conduit Construction. (13) Apr. 18. 

The Delaware Avenue Improvement, Philadeiphia.* (14) Apr. 20. 

Some riments Laying Bituminous Macadam.* (60) 

Thirteen Years’ Experience with Municipal Street Lighting Chicago, Ill. Edward 
(13) May 

Note sur les Résultats Obtenus dans des Routes Nationales Empierrées 
Département Marne. Monet. (43) trimestre, 1900. 


Railroad. 


System Steel Framing for Freight Cars.* Scott. (61) Mar. 

Specifications for Steel Axles Proposed American Section International Associa- 
tion for Testing Materials: Comments and Discussion. Wickhorst. (61) Mar. 

Electric Carbuilding England.* (26) Serial beginning Mar. ending Mar. 15. 

The Use the Train Diagram Determining the Best Location Power House and 
Sub-Stations for Interurban Railways. Edward Roberts. (8) Apr. 

Express Passenger Engine, Mediterranean Railway (12) Apr. 

The Thew Steam Shovel; Cleveland, Lorain Wheeling Ry.* Apr. 11. 

Criticism the Report the Board Trade Committee Steel Rails.* Prof. John 
Oliver Arnold. (22) Apr. 12. 

Express Locomotives; Krauss System.* (11) Apr. 12. 

Notes the Manufacture Rails. Webster. (15) Apr. 12. 

The Railway Situation Great Britain. Root. (40) Apr. 12. 

The Railroads Siam.* Apr. 12. 

Goodwin Caboose and Repair Car. (40) Apr. 12. 

Sections 11, and 14, New York Rapid Transit Railway.* (14) Apr. 13. 

The Anderson Ship-Railway.* (19) Apr. 13. 

Track and Wheel Problems (17) Apr. 13. 

Trestle Filling the St. Ry.* (18) Apr. 13. 

Air Brake Efficiency. (18) Apr. 13. 

Drop-Bottom, Steel-Center Sill Gondola Cars, Ry.* (18) Apr. 13. 

Train Lighting Electricity. Shephardson. (18) Apr. 13. 

Tunnel Inspection and Repairs. (18) Apr. 13. 

Economical Method Handling Dirt and Ballast. Spencer Miller. (15) Apr. 19. 

Fire-Throwing from Locomotives. Robert Weatherburn. (12) Apr. 19. 

Relative Cost Filling Trestles. Walker. (15) Apr. 19. 

Stone Tramways. (12) Apr. 19. 

Supreme Court Decision the East Tennessee, Virginia and Georgia Case 
Rates Nashville and Chattanooga. (40) Apr. 19. 

New Consolidation Locomotives.* (40) Apr. 19. 

the Value Railroad for Purposes Taxation? Charles Hansel. 


Facing-Point Switch Protection, Ry.* (15) Apr. 20. 

Special Steel Car, Northern Ry. France.* (18) 

Loading Gravel with Floating Steam Shovel.* (18) Apr. 20. 

The Locomotive Boiler Westerfield.* (47) Apr. 20. 

The Use Liquid Fuel Locomotives.* James Holden. (47) Apr. 20. 

50-ft. Furniture Car with Steel Underframing—Erie Railroad.* (15) Apr. 26. 

Passenger Locomotive, Lake Shore and Michigan Southern Railway.* (11) Apr. 26. 

Track Elevation Chicago. (40) Apr. 26. 

Locomotives for the Chicago, Rock Island Pacific Railway.* 
26. 

Freight Distributing Station, Chicago Terminal Transfer (18) Apr. 27. 

New Wide Firebox Locomotives, Chicago, Burlington Quincy Rail- 

road.* (25) May. 

Locomotive and Car Shops, Wisconsin Central Railway.* (25) May. 

The Player Patent Improved Radial Truck.* (39) May. 

Some Typical Forms Pressed Steel Cars.* 

The Conveyance Freight Electric Roads. (15) 

t-Wheel Passenger Locomotive—Delaware, Lackawanna Western.* (15) 

Grade the Southern Railway.* (40) May 
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Railroad—(Continued). 

The Player Radial Truck.* (40) May 

Grade Reduction. Holbrook. 

Mechanical Stoking Locomotives. (40) 

New Type Car for Steam Roads.* (18) May 

Air-Pump Exhaust for Passenger Train May 

Terminal Test Plants for Air Brakes. (18) May 

the United Power Transportation Company. (17) May 
tes the Market Street Railway, San Francisco.* (17) May 

The Conversion the Nottingham Street Railways.* (17) May 

The Proper Wheel Section for Interurban Railways.* May 

Quelques Observations Relatives aux Locomotives 1900. (36) 
beginning Dec. 10, ending Apr. 10. 

Les Locomotives Belges 1900.* Barbier. (38) 

L’Elévation des Tarifs des Chemins Fer. (36) Mar. 

Chemin Fer Suspendu. André Mahoudeau. (36) Mar. 25. 

Résultats Economiques Substitution Traction Electrique Traction 
Animale. Charles Jean. (33) Mar. 30. 

Ouen.* Henry Martin. (33) 

Les Locomotives 1900: Locomotives Compound Société Austro- 
Hongroise des Chemins Fer Barbier. (33) Apr. 

Appareils Sécurité des Trains.* (36) Apr. 


Sanitary. 


rovements the Ventilation the Law Courts. (12) Apr. 12. 


Cleaning St. Paul. (14) 


Septic Tanks, Pump Wells and the Draper Co., Hopedale, Mass.* Leonard 
Metcalf, Assoc. Am. Soc. (13) Apr. 25. 

The Sanitar Cleaning Galveston after the Great Storm 1900. George Soper, 
Assoc. Am. Soc. (13) Apr. (14) Apr. 27. 

Sewer Maintenance Columbus, Ohio.* George (14) Apr. 27. 

Sewer Tunneling Fine Sand Brooklyn.* (14) 


Apr 
The Shone Sewerage System and Bacterial Beds England. (14) Apr. 27. 
Modern Methods Sewage Purification.* (60) May. 


The Sewage Precipitation Works Providence.* May 

Structural. 

Modern Construction Theatre, Vienna.* Sachs. (11) Serial be- 
ginning Feb. 22, ending Apr. 


The Additions the Mutual New York. (14) Serial beginning Apr. 
ending Apr. 13. 


Steel Buildings for Export.* H.G. Tyrrell. (13) Apr. 11. 

Reinforcing and Replacing Church Roof Trusses.* (14) Apr. 

The New Steam Engineering Building for the Brooklyn Navy (13) Apr. 25. 
The Largest Grain Elevator.* (20) Apr. 25. 

Moving and Underpinning Buildings.* (14) Apr. 27. 

Cleaning Metalwork with the Sand Blast. 


Mémoire sur Tracé Calcul des Voutes Legay. (43) trim- 
estre, 1900. 


Situation Queston Beton Armé. (43) trimestre, 1900. 
Topographical. 
Variations and Uses the Measurements Employed Field Engineering 


Benjamin Franklin. (2) 
The Figure the Earth.* 


Water Supply. 


Study Hydraulics. George Fenkell. Mar. 
Pipe Crossings the Metropolitan Water Board.* Caleb Mills Saville. (1): 
ar. 


Continuous and Automatic Water Softening Plant.* (21) Apr. 
Flow Water Pipes. Clinton Stewart, Assoc. Am. Apr. 11. 
Outflow Water from Tanks Reservoirs. (12) Apr. 12. 


Rodney Hunt Turbine Plant the Great Northern Paper Company’s Mill. (46) 


Apr 

The Roxborough Filter Plant (14) Apr. 18. 

Australian Artesian Wells. (13) Apr. 18. 

The Effect Water Meters Water Consumption the Larger Cities the 
Bailey, Am. (13) Apr. 18. 

Water-Works the Madras Presidency. (14) Apr. 20. 

Efficient Management and Maintenance Water-Works Owned Municipalities 

Private Corporations. Benjamin Williams, Jr. (60) May. 
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Water Supply—(Continued). 
Building and Turbo-Electric Stations Switzerland.* Franz (9) 


May. 
Falls Power; The Present Extent Its Application.* Harold Buck. (10) 


Speed Water Power Plants; The Practical Side the Problem.* Allan 
Garratt. (10) May. 

The Cost Installing Water Meter System. (60) May. 

14) Ma 

The Washout Dam Mass. M.J.Gibbons. (14) 

The Nile Irrigation Works.* (46 

Nouvelle Méthode d’Etude des Sources. Felix Marlboutin. (32) Feb. 

Dérivation des Sources Loing Lunain: Alimentation Paris Eau 
Potable.* (35) Serial beginning Feb., ending Apr. 


Waterways. 


Final Report the Dynamiting the Brunswick Outer (13) 
Brown, Am. Soc. (13) Apr. 18. 

Voleanic Conditions the Line the Canal. (15) Apr. 26. 

The Revised Concrete Specifications the New York State Canals. (14) Apr. 27. 

Isthmian Canal from Military Point View. Hains. (44) May. 

Pneumatic Clamshell Dredge Bucket.* (13) May 

the Expert Commission for the the Chicago 

iver. (13 

Canal des (Madagascar). J.H. Delaunay. (32) 

ar. 25. 

Note sur les Travaux les Plus Récents Exécutés pour 

Les Travaux d’Extension Port Bremerhaven.* Alfred Bourdon. Apr. 20. 

Régime Rhone Alpestre: Observé Pont Collonges, prés Saint-Maurice. 
van Muyden. trimestre, 1900. 

Port Dieppe. Herzog. (43) trimestre, 1900. 

Note sur Décomposition des Ciments Portland dans Mer. Baron Quinette 
Rochemont. (43) trimestre, 1900. 


Tilustrated. 
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Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


PUBLIC WATER SUPPLIES. 


Requirements, Resources and the Construction Works. 
Turneaure and Russell. With Chapter Pumping 


pp., illus. New York, John Wiley Sons, 1901. $5.00. (Donated 
the Authors.) 


The states that this volume has been prepared with particular reference 
the needs teachers and students technical schools which the subject water 
supply receives considerable amount attention. the discussion the various 
subjects treated, the endeavor has been lay stress upon fundamental principles 
rather than upon details practice, although methods construction have been freely 
given where they might serve illustrate the principles involved bring out the 
effects differences conditions. References authorities are numerous, and the 
has been adopted giving, the end each chapter, brief list the best 
iterature the subject treated. The Contents are: Part Requirements and 
supplies. Part The Construction for the Collection 


Works for the Purification Water; Works for the Distribution 
ater. 


WATER-WORKS DISTRIBUTION. 


Practical Guide the Laying Out Systems Distributing 
Mains for the Supply Water Cities and Towns. 
map, illus. New York, Van Nostrand Company, $2.50. 


The author has intended this work service those the actual practice 
laying out systems water-works distribution well students. The Contents 
are: Introductory Remarks upon the Sources Supply and Storage Water; General 
Arrangement Supply District Distribution; Notes upon System Distribution; 
Details Method Laying Out Distributing Mains; Pipes and Fittings upon Distribut- 
ing System; Meters and Measurement Water, and Regulating and Recording Appa- 


ratus. There index six pages, and large chart example district showing 
distribution. 


TOWERS AND TANKS FOR WATER-WORKS. 


The Theory and Practice their Design and Construction. 


illus. New York, John Wiley Sons, 1901. $2.50. (Donated the 
Author.) 


a 


The author states the introduction that, the treatment this subject, 
intended avoid much possible elaborate calculations and deductions based upon 
problematical theories and conditions, and present such facts may have been veri- 
fied, freed, nearly may possible, from the tons mathematical rubbish which 
frequently bury the simplest truths. The Contents are: Historical, Explanatory and 
Statistical; The Chemical and Physical Properties Structural Metals; Comparison 
Structural Materials; Stability Structure; Mechanical Principles; Riveting; Design- 
ing; Foundations; Painting; Shop-Practice and Erection. There index six pages. 
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TUNNELING. 


Practical Treatise. Charles Prelini, with additions 
Charles Hill. Cloth, 311 pp., illus. New York, 
Van Nostrand Company, 1901. $3.00. 


The general purpose this book explain all the operations that are required 
tunneling, and then illustrate suitable examples the actual application these 
methods practice. Formulas and difficult calculations have been avoided, the book 
being simply descriptive, and the text illustrated, that can easily understood 
students and others unfamiliar with tunneling work. The headings chapters are: 
Preliminary Considerations, Choice between Tunnel and Open Cut, Method and 
Purpose Geological Surveys: Methods Determining the Center Line and Forms and 
Dimensions Cross-Section; Excavating Machines and Rock Drills, Explosives and 
Blasting; General Methods Excavation, Shafts, Classification Tunnels; Methods 
Timbering Strutting Tunnels; Methods Hauling Tunnels; Centers and 
Molds Employed Constructing Tunnel Linings Masonry; Methods Lining Tun- 
nels; Tunnels through Hard Rock; Representative Installations for Tunnel 
Work; Excavating Tunnels through Soft Ground; The Full-Section Method Tunnel- 
ing; Special Treacherous Ground Method; Open-Cut Tunneling Methods; Submarine 
Tunneling; Accidents and Repairs Tunnels during and after Construction; Relining 
Timber-Lined Tunnels with The Ventilation and Lighting Tunnels during 
Construction; The Cost Tunnel Excavation, and the Time Required for the Work. 
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DONATIONS THE LIBRARY. 


From Aprit 1901, May 1901. 


Alexandria, Va., Water Co. pam. 

Inst. Min. Engrs. pam. 

Argentine Republic Ministerio Obras 
vol. 

Attleborough, Mass.. Water Dept. pam. 

Australasian Inst. Min. Engrs. 


Berg, Walter 

Binghamton, Water 
Commrs. 

Boston Maine Co. pam. 

Branne, J.S. 

Brookline, Mass., Water Board. pam. 

Burlington, Vt., Water Dept. pam. 


Cedar Rapids Northern Ry. 


pam 
Cambridge, Mass., Water Board. pam. 
Church, George pam 
Colo. Exper. Station. bound 


Concord, Board Water Commrs. 

am. 

Conn. State Board Health. bound vol. 

Engrs. Club New bound vol. 

Mass., Watuppa Water Board. 
pam 

Fanning, Irving pam. 

Hazlehurst, bound vol. 

Hermany, Charles. pam, 

Y., Board Water Commrs. 


pam 
Ill. Central Co. pam. 
Univ. Agricultural Exper. Station. 


pam 

Inst. Civ. Engrs. 

Inst. Marine Engrs. bound vol. 

Johnstown, Y., Board Water Commrs. 
pam. 

Lake Shore Michigan Southern 
pam. 

Lawrence, Mass., Water Board. 


London, Ont., Board Water 


pam. 
Lowell, Mass., Water Board. pam. 
McDonald, pam. 
Madras Pub. Works Dept. bound vol. 
Mass. Inst. Technology. 
Mexican Central Ry. Co., Ltd. pam. 
Montreal City vol. 
New York City Commrs. Accounts. 
bound vol. 
New York Pub. Lib. (By Exchange.) 
bound vol., 084 pam. 
State Eng. and Surv. bound vol. 
Ontario Assoc. Arch. 
Oregon Navigation Co. pam. 
Parsons, Wm. Barclay. 
Penn. Univ. pam. 
Purdue Univ. 
pam., pam 
bound vol. 
Union Pacific Co. pam. 
U.S. Board Geographic Names. bound 


vol. 


am. 
Coast.and Geodetic Surv. bound 


vol. 

Corps Engrs. specif. 

bound vol. 

Almanac Office. bound 

U.S. War Dept. vol. 

Van Nostrand Co., bound vol. 

and Water Supply Dept. 
spec 

Inst. Surv. bound vol. 
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ADDITIONS. 
MEMBERS. 


Chf. Eng., Great Northern Paper Co., Mil- 


ALBERT SEARS, Jun. 
Chf. Eng., Lake Superior Power Co., Assoc. 
Ste. Marie, Out., 
WILLIAM CHANNING, 
Supt., Pittsburg Div., Penna, Lines, Carson) 


Asst. Eng., Harbor Impvts., Lake Superior, 532 


Jun. 
Montague St., Brooklyn, Y........... 
Asst. Eng., R., Boston, Mass..... 


Vice-Pres. and Director, The Osborn Eng. Co., 504 Osborn 
Lewis 
Eng. Constr., Penna. Steel Co., 
Div. Eng., Rapid Transit Comm., Chg. Elev. 
Div., 231 West 135th St., New York City............... 
BENJAMIN FRANELIN, 
Second Asst. Chf. Eng., Seaboard Air Line R., Ports- 
Henry Herman, 
Supt. Constr., Michigan, Lake Superior Power Co., 
Sault Ste. Marie, Mich....... 
BELL, 
Eng., Dept. Highways, New York City, Jun. 
Park Row Bldg., New York City........... 
Hatton, 
Asst, Eng. Constr., Penna. Steel Co., Assoc. 


Assoc, 
W., Met. St. Ry. Co., 621 


Assoc. 


[Society 


Date 

Membership. 
Mar. 1897 
May 1901 
Sept. 1895 
May 1898 
May 1901 
June 1889 
Nov. 1891 
May 1901 
May 1901 
Sept. 1898 
July 1891 
April 1901 
Mar. 1898 
May 1901 
April 1901 
Nov. 1896 
May 1901 
Feb. 1901 
Mar. 1901 
May 1901 
May 1892 
May 1901 
Nov. 1897 
May 1901 
Feb. 1895 
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Ricker, GEORGE ALFRED, 
702 Ellicott Sq., Buffalo, Y... 


Sax, Mostey, 
303 Hale Bldg., Philadelphia, Pa......... 


Raymonp, 


ASSOCIATE 


ADRIAN BENONI, 
The Peruvian Corporation, Ltd., Peru 
Boyp, CHURCHILL, 
Div. Eng. Chg. Charlestown and Subway Jun. 
Divs. Boston Elev. 
Boston, Mass 


Field Asst., Geological Survey, 224 Henna 
Los Angeles, Cal 
Eavenson, Howarp 
Chf. Eng., Continental Coke Co., Uniontow 
CHARLES EMERSON, 
Asst. Eng. Sewer Contracts, Dept. Pub. 
Works, New York City, 160 West 119th St., 
DANIEL WINGERD, 
Asst. Eng., International Traction Co., Lockport, Y.. 
Honens, FREDERICK WILLIAM, 


Gen. Supt., Newport News Ship 
Building and Dry Dock Co., Newport News, 
Chf. Eng., Nipe Bridge Co., ari, Santiago, Cuba 
Francors 
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History. 

The history the experiments described may consid- 
ered properly beginning the summer 1893, when the writers 
became associated the Engineering Department then organized 
the Board Water Commissioners the City Detroit, Mich., 
the Regulations governing which prescribing, among the duties 
the Civil Engineer, the head that Department, that shall par- 
ticularly have charge the Distribution System, and shall make 
his especial study and care that the said system shall perfect 
possible.” 

Beginning with such crude instruments Bourdon gauges, and 
gradually working past the mercury column the more delicate 
papers are issued before the date set for presentation and discussion. 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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apparatus described later, many valuable and interesting data 
were obtained the next three years, which would compare not unfa- 
vorably with work done others, and which, from time time, has 
been presented before this and similar societies; but the opportunity 
taking this particular investigation systematically, though long 
looked forward to, did not offer itself until the fall 1896, when the 
Engineering Department recommended, and the Board ordered, the 
laying 30-in. main through distance about 000 ft. connect 
two older mains. The for this main embraced ten right- 
angled deflections, including the two the beginning and end, the 
being alternately the right and left. the design 
this work, which was immediately constructed, provision was made 
for the experiments under consideration. Further constructions 
1898 enabled the investigations extended 16-in. and 12-in. 
pipe, which work has been carried since intervals opportunity 
occurred. The description these constructions will found this 
paper under the heading, Thirty-Inch Cast-Iron Pipe.” 


Object the Experiments. 


The purpose the investigation was determine the effect curva- 
ture upon the flow water closed circular conduits under pressure, 
and, particularly, examine the effect changes radius 
curvature upon the losses head those cases occurring ordinary 
water-works distribution systems. carrying out this purpose has 
become necessary investigate various allied problems, and devise 
and construct special apparatus Some 
these secondary questions have proved almost, not quite, 
great interest the main question, but the fact not lost sight 
that the effect curvature was the subject chiefly under consid- 
eration. 

Having already satisfied themselves that there were data extant 
that engineer was warranted applying the cases 
ordinary practice, notwithstanding the unanimity opinion expressed 
hydraulic treatises, the writers have considered unnecessary 
present any résumé the meager data supposed bear upon the 
question hand, nor they propose the body this paper 
devote attention any experiments which have already been pub- 
lished.* The intention has been observe existing conditions 
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accurately possible, and present the results first they were 
observed, and then with such reductions careful study them 
suggested; and discuss nothing with which familiarity has 
been gained actual contact. 

The writers not pretend any means have exhausted the 
subject, and, these investigations cover only curves 90°, and 
not reach the curves very long radius occasionally used, there is. 
still very interesting and extensive field left untouched. 


Conditions Experiment. 


The Lines Investigated.—The pipe lines experimented upon were 
every case part the distribution system the Detroit Water- 
Works, and were required perform their designed function, either 
wholly without interruption, with very brief intermissions. It. 
became necessary, therefore, operate such times and sucha 
manner not interfere with the regular service. For this reason,, 
the work the first series experiments upon the 30-in. pipe was 
done night, and, order that the additional consumption water 
should prove the least serious the pumping station, Saturday night 
was usually selected, although the first observations were made on. 
Memorial Day, May 30th, 1898. The other series have been carried 
out the day time, but velocities have been necessarily restricted 
and variations frequent. 

The Force Employed.—The party was made the employees 
the Engineering Department, with occasional assistant from outside. 

addition the writers, who have each handled every instru- 
ment and each had charge the party, the following men have been 
engaged observers and recorders these investigations: 


Eugene Rummler, Draftsman, Eng. Dept., Observer Pitot. 


tube and resistance gauge. 

Edgar Hewitt, Draftsman, Eng. Dept., Observer Pitot. 
tube and resistance gauge. 

Edward McGrath,+ Draftsman, Eng. Dept., Observer 
Pitot tube and resistance gauge. 


Wagner, Rodman, Eng. Dept., Observer Pitot tube and 
meters. 


discussion, the previous investigations upon this subject, one the writers, 
may found The Technic for 1899, published the Engineering Society the Uni- 
Michigan,Ann Arbor. 

ied January 6th, 1901, Detroit. 
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Herbert Hanford, Draftsman, Eng. Dept., Observer resist- 
ance gauge and Recorder Pitot tube. 
Edward Kirby, Clerk, Eng. Dept., Observer and Recorder 
Pitot tube. 
Anthony Dierkes, Draftsman, Eng. Dept., Observer resist- 
ance gauge and maker instruments. 
George Gibson, Clerk, Iron Pipe Dept., Recorder Pitot 
tube. 
Robert Burnham, Draftsman, Eng. Dept., Observer and 
Recorder resistance gauge. 
This force does not include men required operate gates, mak- 
ing shut-offs and controlling the discharge. 
Dates and Duration.—The dates these investigations were approx- 


imately follows: 


30-in. investigations 1898, May 30th, September 21st. 


16-in. September. 
12-in. November. 
30-in. 1899, June. 


Since the field work, each case, the available time the writers 
and their assistants has been spent the discussion the data 
obtained, but estimate can given the time actually spent the 
investigation whole, which has now extended over period 
more than three years, from preliminary experiments 12-in. pipe, 
November, 1897, the last work the line January, 
1901. 

Scope Investigations.—The investigations embraced simultaneous 
observations the loss head least two sections the line 
being investigated, and determination the velocity the pipe. 
The ranges mean velocity experimented with have been: 

For 30-in. pipe, zero 3.5 ft. per second. 


They have also embraced examinations the distribution veloci- 
ties within the pipes, and pressures around the circumference, 


and some experiments upon the flow water 2-in. and 5-in. brass 
pipes. 
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Incidentally, they include the rating and standardizing the instru- 
ments used, and study the differences condition between instru- 


‘ments moving still water, and instruments stationary moving 
water. 


Reductions Observations.—Owing the removal one the 
writers from the scene the investigations before the completion 
the experiments has been necessary divide the work the prepa- 
ration the results for publication, and, while frequent 
have been held and all have been kept fully informed every part 
the work progressed, both the experimental stage and the 
digesting the gathered material, the writers feel some regret not 
being able spend together the time devoted the computations 
and consideration results, some points might brought out 
more clearly free discussion the unreduced data, but this work, 
like most its kind, only incident among the many, and, there- 
fore, has had take subordinate place, other matters being 
more importance. 


Nomenclature. 


The following abbreviations and terms are used: 
Area; 
Coefficient; 
Constant; 
Coefficient Chezy formula; 
Diameter circular pipe; 
Gauge; 
Acceleration due gravity 32.2 ft. per second; 
Head; 
Head lost friction and other resistance between two points 
closed pipe; 
Head producing velocity; 
producing velocity the center the pipe; 
Length; 
Coefficient exponent; 
Coefficient exponent; 
Pressure; 
the pipe line; 
curve the pipe line; 
curve the pipe line; 
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Quantity discharge, cubic feet per second; 
Radius right section circular pipe; 

Tube; 

Tan. Tangent; 

velocity, feet per second, pipe, determined 

weight water discharged; 

Velocity, feet per second, the center pipe; 

V,, velocity, when determined other than weight; 
Velocity any point, determined the Pitot tube; 


Maximum velocity, feet per second, observed pipe; 
Weight, pounds avoirdupois. 

Reading” the term used designate single reading the 
scale instrument. 

ings, one more, form complete unit the result. 

under practically constant conditions. 

used designate number experiments made upon 
the same section the line. 

Traverse term used describe the operation measuring 
velocity with the Pitot tube taking observations consecutively 
different points along diameter the pipe. 

Position,” when applied designates the result 
the set observations taken single setting the instrument, 
one point the diameter traversed. 

Piezometer designates the opening openings the pipe wall 
the side chamber which the pressure the water flowing 
past communicated gauge. 


Description Pitot Tubes and Their Use. 


Forms Tubes.—A Pitot tube, when complete, consists essentially 
two pipes, one which terminates orifice which may 
directed receive the impact flowing stream, while the other 
terminates orifice which may set right angles the direc- 
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tion the flowing stream and may then communicate its pressure. 
The former called the velocity impact tube opening simply 
the point, and the latter the pressure opening the side. The latter 
may terminate orifice orifices the pipe wall, may open 
into the body the stream, and may arranged communi- 
cate something less than the pressure the stream, which case the 
instrument enabled used lower velocities than when the 
full pressure communicated. connection with these investiga- 
tions there have been used eleven different tubes which are designated 
follows: 

These tubes were brass, and are shown Plate 

Tube No. was the first built, and was used some preliminary 
investigations upon 12-in. pipe made the fall 1897, was also 
Tube No. which was made from increasing the size the 
interior pipe, connecting the pressure opening, avoid the possi- 
bility the loss head the small internal pipe affecting the 
reading the gauge. These tubes which may called the Bazin 
from their resemblance the instrument used Henry 
Bazin his studies the liquid vein, had, shown, single pressure 
opening the bottom. 

Although the results obtained with them were very satisfactory, was 
thought that even better results could obtained with the form rep- 
resented Nos. and which the pressure openings were four, 
located 90° apart and 45° from the knife-edge, around the sides the 
bulb, the point which was the impact opening. bulb 
formed equalizing chamber the four pressure openings. This 
form somewhat similar one discovered the writers, 
work hydraulics, many months after theirs were constructed. 
They differed only the size and form the bulb and sustaining 
knife-edge, Tube No. having the finest and No. the coarsest lines. 

Tube No. was made from Tube No. plugging the original 
pressure opening, and drilling, right angles its axis and that 
the impact opening, hole entirely across the instrument connect- 


ing with the original pressure tube, and filing away the heel the 


instrument. 


Tubes and were nearly alike skilled workman could 
make them. They may called the Freeman form,” from resem- 
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blance instrument built John Freeman, Am. Soc. E., 
although they possess marked difference the form the point. 

Tube was built for use very small pipe, and quite similar 
Tube No. except that its lines are finer and the impact opening 
cuts away the knife-edge, causing appear notched the side 
view. has also down-stream opening which has not been used. 
Tube was designed for similar use, and contains only impact 
opening, the pressure being supplied from piezometers the side 
the pipe. Its impact opening very similar those Tubes 
and but much smaller. 

The Gauges.—For the purpose observing with the Pitot tube, 
necessary connect each tube with gauge which the difference 
pressure can observed. The most satisfactory form consists 
two parallel glass pipes connected the top and having scale 
between behind them. The upper portions these pipes remain 
filled with air when the water rises the lower portion, and the dif- 
ference head then read water upon the scale. Six gauges were 
used for this purpose, and designated Nos. and and 
and Numbers and were duplicates, and con- 
sisted inverted glass U-tubes about in. internal diameter. 
Numbers and were duplicates, and consisted straight tubes 
internal diameter, joined the top brass casting. The 
construction Gauges Nos. and shown Figs. The 
scales the gauges were divided double centimeter units and 
subdivided tenths, the smallest division mm. The scales 


Gauges Nos. and were divided into inches and tenths. 


work the field, these gauges were mounted upon tripods hung 
the side the gate-wells which the observations were taken. 

Connections Between the Gauges and the Tubes.—The tubes were con- 
nected the gauges rubber hose, in. internal diameter and 10: 
ft. long, equal lengths being used each side, and care being 
taken expel the air before connecting up. 

Method Inserting the Tube the Pipe.—These tubes have all been 
designed for insertion into the pipe through 1-in. round-way cor- 
poration cock, such may inserted any main while under 
pressure, with Mueller, Payne, Lennox Walworth tapping ma- 
chine. The cock being set the main the place observation, 
the follower and tail piece removed, and, the latter’s place, 
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substituted stuffing-box, shown Fig. sufficiently long contain 
the portion the tube below the cylindrical casing. This stuffing- 
box being fastened the cock, with gasket between them, the 
follower, the tube then inserted and the nut its top screwed 
down against rubber packing which grips the tube. The cock 
then opened, and the tube may shoved into the interior the pipe 
and set any desired position. 

Method Measuring the Diameter the Pipe.—In order measure 
accurately the internal diameter the pipe experimented upon, the 
same stuffing-box was used with cap having eccentric opening. 
Through this was passed rod terminating the bottom hook 
somewhat like the letter and having heel projecting about in. 
the bottom. This was made such size that, when the cap was on, 
the hook would pass through the cock one position, but, when 
reversed after entering the pipe, the point the hook would locate 
the inside the pipe next the cock. The rod was pushed until 
the heel located the farther side, then reversed and withdrawn until 
the point located the near side, when the distance measured the rod 
extending from the stuffing-box, between the two positions, plus the 
distance from the heel the point, gave the diameter. the 
rod around again could withdrawn from the pipe. Allowing for 
reasonable roughness the pipe wall, the diameter could determined 
this means within less than in. 

Method Observation.—In part owing the pipes experimented 
upon being supplied direct pumping, pulsation the water 
columns was noticeable the Pitot tube gauges. Where glass tubes, 
considerably excess the diameter the orifices the Pitot 
tubes, were used, for example those Gauges Nos. and these 
pulsations were not rapid, but comparatively short amplitude; but 
when the smaller columns Gauges Nos. and were used, the num- 
ber pulsations became quite high, 20, and even 100 per minute 
being observed, and their amplitude sometimes was several inches. 
While the larger columns were more easily read, some preliminary 
experiments with tubes diameter showed that consider- 
able length time (several minutes) was required for the columns 
come equilibrium after change velocity, and, would 
not possible maintain steady velocities, was considered best 
use small column which could depended upon respond 


| 
. 
{ 
| 
| 
H 
| 
q 
q 
q 
4 
| 
| 


Opening 


uw 

a 


SY 


PITOT TUBE NO. 
1897 


3 
16 


& 


PITOT TUBE NO. 


0 Brass tubing 


PITOT TUBE NO. 
REBUILT.) 
CONNECTIONS THE SAME, 


— 


| 
2 German silver Opening 


TUBE NO. 


PITOT TUBE NO. 


Brass Tube 4 inside diam. 


H—2 German silver tubes 
diam. 


“ 


ESS Ale = 
> 
Opening 


a 


Female 


Hose Coupling 


PLATE 
N 

} 
TUBE 
4 
TUBE 
ning 


Papers.] EXPERIMENTS FLOW WATER PIPES. 325 


promptly such changes might occur. Therefore, particu- 
larly traversing, Gauges Nos. and were generally used with 
the tubes. 

reading, the practice was read the two extremities the 
vibration each column, the two upper extremities being read simul- 
taneously single observer and then the two lower, the readings 
being called recorder who entered the time and the readings 
notebook. was found that observer could read the four posi- 
tions the smallest division the scale, which was graduated 
tenths inch, once every seconds, and this was the rate 
reading practiced when the tube was traversing the pipe, after the 
first few experiments which the observations were taken 
seconds apart. When the instrument was the center the 
completion between traverses, the four readings were usually 
taken every seconds. person recording for himself would 
able get the four readings about once seconds. 

measuring the discharge pipe with Pitot tube, was 
necessary first traverse the diameter the pipe with the instru- 
ment, take readings various points along the diameter. 
order simplify the reductions and give the positions equal 
weight, the area the pipe was divided series concentric 
circles into central cone and concentric rings equal area and 
position was taken the center, the edge the pipe, nearly 
the tube could approach, and each intersection the dividing 
circles with the diameter. each location the four readings 
taken three times, which occupied seconds, and the instrument 
was then moved the next position, that position per minute 
was occupied. the earlier traverses, when observations were 
seconds apart, five were taken position. The first position 
was the center, then the side the pipe was taken and then the 
points consecutively across the pipe, returning the center the 
close. This complete operation was called 
locate the point the instrument, observing stick was used corre- 
sponding its divisions those the diameter the pipe, which, 
when rested against the top the stuffing-box, gave the setting 
collar the tube. 

Method Reducing Pitot Tube Observations.—Inasmuch the point 
the tube directed receive the impact the flowing stream, 
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has been argued, theoretical grounds, that the difference head 
observed from the law fluid impact which, given 
Weisbach, that: 


normal impulse water against plane surface equal 
the weight column water, the cross-section whose base 
equal that the stream, and whose height twice that due the 


Some, however, prefer consider the head observed the velocity 


head, and have proposed, for reducing, the formula 
not 


Practically, makes very little difference which form expression 
adopted, the change provided for the coefficient the 
instrument. For example, having certain known velocity, the 
tube shows velocity, the velocity-head theory, and 
where and would coefficients the tube, and 
theoretically, greater less than unity, according the form 
the instrument. From the foregoing relation there also results 

The writers prefer the velocity-head theory, for the reason that they 
have been able design instrument which, according this theory, 
has coefficient nearly unity and others having coefficients low 
0.75, but they have yet been unable produce one having 
approaching unity, the impact theory, without intro- 
ducing what they interpret other effects than those simple impact. 
Accordingly, the difference height the two columns, determined 
from the means the extremities the vibrations, has been treated 

the gauge scales were graduated inches and tenths, there 


the head which the velocity due, 


The velocity corresponding the mean for each position 
determined according this equation. The value the center, 
used determining the mean, obtained taking the sum the 
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velocity the first and third positions there and twice that the 
second and dividing four. Bearing mind that the points 
observation divide the pipe into rings equal area, the mean velocity 
determined the summation half the extreme, side, velocities, 
twice the center velocity, just obtained, and the intermediate 
velocities, all divided the number positions. 

Effect Pressure and Temperature upon Gauge Readings.—To 
strictly accurate, the difference head represented the two 
columns air the differential gauge should subtracted from the 
the two water columns. The value this difference 
the air columns changes with both temperature and pressure, and may 
readily computed from the ‘‘Law the Expansion 
Inasmuch, however, the experiments described have been made under 
pressures having range from lbs., only about one 
atmosphere, excepting the tank ratings, and the temperature range 
has been only about 40° Fahr., the mean being near 70° Fahr., except 
the 12-in. work, when the mean was about 40° with minimum 
32°, and the rating the tubes the pipe has been conducted 
under pressures between and and temperature about 


70° Fahr., attempt has been made correct the tube observations 


for either temperature pressure. comparing the tank and pipe 
ratings, the effects pressure would apparent. 


Calibration the Tubes. 


Open Tank and Still Water: Apparatus.—In order establish 
the ratio existing between the true velocity and that deduced from the 
readings the tube gauge the foregoing reduction, the method 
calibration usually adopted with current meters, viz., that moving 
the instrument through still water known velocities, was first tried. 
For this purpose circumferential trough, rectangular section, 
ins. wide and ins. deep, was built galvanized shown 
plan and sectional elevation Fig. The diameter its center line, 
which was made the path the tube, was ft. ins. The tuke 
rated was supported upon arm attached central shaft which 
was free revolve bearings the floor and ceiling, and which 
also supported the gauge and seat for the observer. The gauge was 
connected with the tube the usual rubber hose, the point which 
was set ins. below the surface the water the trough. 
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Open Tank and Still Water: Experiments.—The arm carrying the 
tube was revolved man walking behind and allowing 
simply rest against, and not grasped by, his hand; and the time 
each revolution was taken, from watch reading second, when 
the arm passed certain point the trough. revolution 
was completed, the time recorder called out the seconds consumed 
recorder was found necessary for the gauge readings, and these were 
taken the field-work, but frequently they could read, 
often every seconds. The velocities were maintained nearly 
uniform possible for periods plotted with least minutes, 
and the results obtained were plotted log with times the 
abscissas and gauge readings and true velocities the ordinates, and 
from these plottings periods uniform condition were selected, 
averaged and used for each experiment, which averages are pre- 
sented Table No. 

the gauge was working under less than atmospheric pressure, 
being located above the water surface, considerable skill was required 
expel the air from the connecting hose and keep from working in. 
Frequent observations were taken with the tube still, which defects 
the conditions could easily detected. prevent the passage 
the tube from generating velocity the water the trough very 
thin paddles sheet tin were inserted several points, filling the 
cross-section, and these were carefully withdrawn the tube 
approached and replaced after had passed. The watch used was 
compared with well-regulated ordinary watch and its rate deter- 
mined the beginning and end the experiments, and the correc- 
tion applied the reductions. 

These experiments were made the Water Office Detroit, 
January, February and July, 1899, the room being artificially heated 
during cold weather. 

Open Tank and Still Water: Nos. and were 
calibrated the open tank just described, and the results each 
single revolution are plotted Plate XI, and Table the 
experiments have been grouped according the velocity, com- 
puted from the tube readings, which called the apparent velocity. 
The number experiments each group shown the first col- 
umn. The ratio the true the apparent velocity, which the coeffi- 
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cient the tube, also given. Rejecting those experiments which 
the true velocity was less than ft. per second, the arithmetic mean 
gives the following values for the several tubes and gauges: 


Coefficient. 


From the plottings the individual observations, taking the slopes 
the mean lines, which have been located thread and 
averaging its position the eye, the ratios obtained are: 


Coefficient. 


the grouping, was expected that the effect velocity, there 
were such effect, would more clearly shown, but, after study 
the results, was concluded that the effect velocity the 
cient the tubes was insignificant, except the case Tube No. 


the plottings the ratings which are notable, that they show, 


for the experiments with both gauges, peculiar sinuosity the locus 
which has apparent counterpart the ratings Tubes Nos. 
and 

Closed Pipes, with Flowing Water: Apparatus.—As was possible 
imagine conditions which might produce different coefficients for 
these instruments when rated still water just described, from 
those which should used the reduction the field observations, 
was determined attempt rating closed pipe. For this pur- 
pose the resources the Hydraulic Laboratory the College Civil 
Engineering Cornell University were kindly placed the disposal 
the writers Professor Fuertes, Am. Soc. E., Director 
the College, and experiments have been carried there the 
writers, beginning August, 1899, and continuing March, 1901, 
which they have had the assistance M.S. Darrow, Jun. Am. Soc. 
E., Assistant the Hydraulic Laboratory, and Mr. Edward Wil- 
son, student civil engineering. 

For these experiments system piping located the basement 
the College Civil Engineering was utilized. This may sup- 


| 
f 
7 
4 


3 \ 
\ 
‘ 
4 


Gauge 


‘ ~ 
S: 
Ye 
Xp » 


PLATE 
PAPERS AM. SOC. 
MAY, 1901. 
EXPERIMENTS FLOW WATER PIPES. 


Lit 
° 
(A “Gp Cp 6%, 
Gp 
Po & 
° 
% aN 
< 
GY "2, 


EXPERIMENTS FLOW WATER PIPES. 333 


plied directly from the University mains from tank the top 
the building, the water surface the latter being about ft. above 
the pipe used. The inlet the system being only 2-in. pipe, the 
size the experimental pipe was necessarily limited the same, 
order provide for suitable range velocity. This 2-in. supply 
pipe was led axially into cast-iron cylindrical receiver 2.17 ft. long 
and 1.135 ft. diameter. screen, consisting brass plate per- 
forated with and holes was located 0.5 ft. from the inlet end. 
The outlet this receiver was brass cycloidal mouthpiece connect- 
ing seamless drawn-brass pipe 0.416 ft., 5.013 ins., diame- 
ter. The diameter the generating circle the cycloid was one-fourth 
that the following pipe, and was rolled parallel the axis the 
pipe, the cycloid its middle becoming tangent the pipe wall. 
This brass pipe, from the entrance the mouthpiece, was 20.97 ft. 
long, and terminated similarly proportioned mouth- 
piece connecting line seamless drawn-brass tubing 0.1746 ft., 
2.096 ins., diameter. point 68.23 ft. beyond the entrance 
the second mouthpiece there was arranged connection for the inser- 
tion the tubes, which shown Fig. work with Tubes 
Dand the preceding length was changed 68.30 ft. Beyond this 
point the pipe extended straight for 46.3 ft., then turned 180° and 
returned point near the inlet where the discharge took place 
through 1-in. nipple. The jet from this outlet passed into 
funnel galvanized iron having vertical diaphragm its center, 
one side which delivered the waste drain, and the other scale 
tank 2500 lbs. capacity. The scale’s error was determined 
less than per cent. The funnel was suspended swing 
freely, and the jet could thus almost instantaneously thrown into 
out the tank, the time required being less than second. For 
these observations, the time was taken with ordinary watch, and 
the temperature the water weighed was taken with standardized 
thermometer having error small neglected. 

Closed Pipes, with Running Water: Experiments.—The method 
experimentation was first make traverses the pipe with the tubes, 
uniform velocity being maintained and frequent weights being taken. 
Traverses were made this point with Tubes Nos. and and 
and With Tube No. and Tube the triple gauge was used, and 
the column connected the circumferential chamber, which 
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communicated with the interior the pipe four holes, 90° 
apart, drilled right angles the axis the pipe. 

The data these traverses are presented Table No. and the 
velocities are plotted the upper part Plate XII. With Tube 
traverses were taken two diameters right angles, and, will 
seen from the plate, all traverses except that with Tube No. show 
the velocity maximum very near the center the pipe. 

Previous experiments (those the pipe lines Detroit) havirg 
demonstrated that when the maximum velocity was the center 
the pipe fairly constant ratio existed between the mean velocity and 
that the center, and these traverses showing this condition 
approximately established the calibrating point, advantage was 
taken the two conditions determine the constancy the tube 
coefficients for different velocities. The tubes were set upon the 
center and the water was caused flow past them velocities rang- 
ing from about ft. nearly ft. per second, the discharge being 
measured weight. The results these experiments are presented 
Table No. and the lower part Plate XII, and show that prac- 
tically constant ratio exists between the mean velocity obtained 
weight and the center velocity obtained the tube, and this, with 
the two preceding conditions, establishes the constancy the tube 
coefficients. If, now, the ratio the mean velocity the center veloc- 
ity established, these observations furnish the desired rating the 
tubes, provided that the presence the tubes themselves has not, 
reason the obstruction they present, caused disturbance the dis- 
tribution the velocities. The traverse made with Tube No. Plate 
XII, shows clearly its lack symmetry that the area this tube 
great that such method calibration with out the ques- 
tion, and the same may expected with Tube but, comparing the 
traverse made with Tube No. with those made with Tubes and 
seems warrantable apply such method rating Tube No. 
and Tubes and and has also been tried with Tube No. the 
area which, the pressure openings, less than greater than 
that Tube No. 

Closed Pipes, with Running Water: Reductions Rating Experi- 


ments.—The first step this application the determination the 
Mean velocity V,, 


Table No. shows the data used this determination. 
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TABLE No. TRAVERSES Brass 


Tube No. Horizontal.—December 18th, 19th, 1899. 


a. 
{ ~ 
2.21 0.80 1.89 1.89 
1.58 2.58 2.58 1,28 2.825 2.32 
1.27 2.32 1.04 2.095 2.09 


Center, Traverses and 0.0647 in. east true center. 
parentheses are estimated. 


Tube No. Horizontal.—December 18th, 19th, 1899. 


AND PRESSURE. 


Positi 
observa- 
tion. Head, Velocity, feet Velocity feet per 
double per second. used. second. 
centimeters. 
12 4.775 4.495 4.50 3.569 
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TABLE No. 
Tube Horizontal.—February 8th, 1891. 
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TABLE No. 
Tube Horizontal.—February 15th, 1901. 
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Position. 


Tube 8th, 1901. 
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Position. 
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Cc + 18 4 
16 8. 
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Brass 


Tube No. 68.23 ft. from Inlet. 


CENTIMETERS. PER SECOND. 
oD 
Dec. 18, 1900. AND PRESSURE. 
Dec. 18, 1900. AND CIRCUMFERENTIAL PIEZOMETER. 


Experiments omitted computing arithmetic means. 
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Experiments omitted computing arithmetic means. 
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TABLE No. 
Tube No. 68.23 ft. from Inlet. 
Dec. 18, 1900. AND PRESSURE. 
flow 
.496 
(No flow....... 0.020 0.000; 0.000; 0.000 
Tube 68.23 ft. from Inlet. 
Dec. 15, 1900. AND PRESSURE. 
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TABLE No. 3—( Continued). 
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AND CIRCUMFERENTIAL PIEZOMETER. 


Ok _ 
Tube No. 68.23 ft. from Inlet. 
Mar. 17, 1900. POINT AND PRESSURE. 
flow, ar. 
3.590 


0.812 
0.807 
0.818 
0.810 
0.848 
0.685 
0.692 
0.694 
0.690 
0.722 


Experiments omitted computing arithmetic means. 
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(3) (4) (5) 
Feb. 1901. AND 
600 
flow, 
flow, 
6.64 
6 96 4,45 
3.40 
2.89 
1.56 
0.07 
0.02 
0.44 
1.38 
0.325 
0.15 
8.07 
0.01 
AND 
0.10 
flow, Feb. 
flow, Feb. 


19th, 


TABLE No. 3—(Continued). 


Tube 68.30 ft. from Inlet. 


2.85 

2.16 

0.19 
0.01 
0.30 
0.89 
0.70 
5.12 


| 


ouble Centimeters. 
0.000; 


. vt 
0.04 | 0.05 | 0.460 
0.04 | 0.01 | 0.205 
0.04 | 0.19 | 0.895 
0.04 | 0.09 | 0.615 
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1.741 


0.000 

1.736 
0.000 
4.803 
3.725 
38° 
1.502 
1.070 
1.239 
0.736 
4.458 
3.663 
3.005 
1.760 
0.849 
0.184 
1.692 
0.786 
0.000 


RENTIAL PIEZOMETER. 
0.000 
4.31 
4.11 
| 1.705 
Experiments omitted computing arithmetic means. 


TABLE No. 3—(Concluded). 


Tube 68.30 ft. from Inlet. 


(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Feb. 15, 1901. AND CIRCUMFERENTIAL 

it 40 730 5 6 1.272 (0.785 

300 1.986 |0.841 |36°-38° 
600 1.986 (0.875 |86°-88° 
300 1.979 
| 
Tube 3.05 ft. from Inlet. 
Mar. 19, 1901. AND CIRCUMFERENTIAL PIEZOMETER. 
| = 7.82 86°-38° 
6.76 
36°-38° 
36°-38° 
| 
Experiments omitted computing arithmetic 
Co-ordinates Points Cand 
Tube condition. 
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TABLE No. 
VELOCITY, FEET PER 
m. 
Mean ratio: 


Out the thirteen traverses this table, shown the last 


column, three have been rejected, viz., and Those 


and are rejected because they were made velocity below what 
seems, from other experiments, critical one for the pipe experi- 
mented with, or, any rate, because the traverse itself shows that 
normal conditions were not established. They are two halves the 
same traverse, and one case the disturbance seems have affected 
the pressure openings, and the other the ring. peculiar disturb- 


ance change condition noticeable (Plate XII) whenever the 
true mean velocity approaches 0.7 ft. 


Abundant evidence has been 


a 
Vices 
. 
| 


gathered prove that point critical condition exists this pipe 
about the velocity 0.7 ft., that the writers feel hesitation 
rejecting traverses and these grounds. 

Traverse made with Tube No. rejected because, already 
stated,and may seen from the upper diagrams Plate XII, the 
presence the tube seriously disturbed the arrangement the 
velocities. 


the accuracy the value 0.8139, obtained for the ratio 
¢ 


considered that the maximum velocity may not exactly 
the center, which would not measured, and the resulting 
error would increase the value the ratio, being small 
compared with V,,. Again, difficult, even impossible, measure 
the velocity the side the pipe, account the size the point 
the instrument, and therefore higher velocity measured than 
that exactly the side, which error again tends increase and 
increases the ratio. there seems counterbalancing 
probability decrease the ratio, assumed that the foregoing 
value excess the true one, and the value assumed for use 
with this pipe this location. 


Considering now the values the ratios shownin Table No. 


and the plottings the observations the lower diagram 
Plate appears that there some variation this ratio with the 
velocity. This, however, small; the observations falling approxi- 
mately straight lines which pass very nearly through the origin. 
has been considered that such variations appear are due rather 
the shifting the point maximum velocity back and forth past 
the center, condition which may may not common all pipes, 
than actual variation the ratio. Whether not this assump- 
tion correct, the traverses prove that this pipe such shifting 
exists. The conclusion has therefore been arrived at, that for prac- 
tical purposes, within range velocity from 0.75 ft. ft., the 
foregoing ratio may taken constant for each particular tube. 
determining the value this ratio, the simplest process 
take the arithmetic means, and, restricting the computation ratios 
where the true mean velocity was greater than 0.6 ft., the following 
values such means are obtained for the several tubes. 
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the co-ordinates the point would more correct value for the 
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TABLE No. 


VELOCITY CENTER TUBE. 
Tubes. 
Point and pressure. Point and ring. 
68.30 ft. from inlet 0.824 


the value for the ratio 0.81 now applied Tubes Nos. 


and the coefficients obtained are: Tube No. 0.900; 
0.683 
and Tube No. 0.844. 


order study the results the ratings more closely, the equa- 
tions the straight lines fitting the plotted experiments have been 
computed the method* successive centers gravity Band 
and the points and located the lower diagram Plate XII, 
although the lines have not been drawn. The co-ordinates 
and and the equations the lines are given the end Table No. 
Considering only the equations point and pressure ratings 
Tubes Nos. and for the present, which are: 


=0.720 0.0229 for Tube No. and 
0.700 0.0535 for Tube No. 


appears that the coefficient the former less, and the latter 
greater, than the arithmetic mean. Bearing mind variation 
the point maximum velocity from the center the pipe, 


increases the ratio and the coefficient the equation, and that 


c 
the traverses the upper diagrams Plate XII show that slight 
variation exists, has been concluded that the arithmetic mean, which 
the ratio the co-ordinates the point being greater than the 
tangent the inclination the mean line, indicates that the velocity 


was eccentric the lower velocities, and, therefore, that the ratio 


described Transactions, Am. Soc. E., Vol. xliv., 74. 


| 
¥ 
| 
7 
7 4 
| 
| 
| 
3 q 
| 
O. 
n. 
38, 
. 
to 
ios 


ratio This gives 0.725. Similarly, examining the locus Tube 
c 


No. appears that the ratio the co-ordinates represents the 
condition maximum velocity the center, and this gives for 


the value 0.677. Applying these values the ratio 


deduced, the coefficients for the tubes become 0.896 for Tube 
No. and 0.836 for Tube No. The presence the large con- 
stant the equation Tube No. together with the fact that the 
experiments low velocities have been generally less satisfactory than 
those the higher lead the writers view the coefficient obtained 
for Tube No. approximate only, and depend for its rating 
comparisons with Tube No. made during the field work. The co- 
efficient Tube No. more satisfactory, the constant the equa- 
tion being only half great, and the derivation being from the 
observations the higher velocities, where the traverses show the 
velocity curve more normal. The results with Tube No. and 
Tube however, showed, that the coefficients obtained for them 
this pipe were too high, the former more than 13%, and the latter 
more than that the conclusion was drawn that the coefficients 


the other tubes were also probably high, somewhat proportion 


the areas the pressure openings. The area Tube No. 
about that Tube No. and about 21% that Tube 
Estimating the effect proportional the area, this would indicate 
that the foregoing coefficient Tube No. might from 1.2 2.6% 
toohigh. The writers consider these deductions based upon data 
too indefinite for rigid application, but still, warranting reduction 
the coefficient Tube and the value has been selected 
being probably near the correct one the information will 
furnish. 

Closed Pipes, with Running Water Comparisons with Field Data.— 
During the experiments the 30-in. line made 1899, Tube No. 
was ordinarily read the center the gate-well Hastings Street 
and Alexandrine Avenue, and resistance gauge was read continuously 
during all those experiments, the section known the Brady 
tangent. From these observations, several hundred number, the 
ratio between the tangent and the above location 


Brad 


was established 


| 
| 
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Tube No. was substituted for Tube No. and series observa- 
tions made, whence the ratios between their coefficients were 
determined. Table No. gives the comparison for these experiments. 


Velocity. 
Head Head 
Head. Velocity. observed. corrected. 

1,118 2.452 1,002 0.987 2.304 
3 24 1.633 2.963 1,516 1,501 2,842 
4 24 1.575 2.912 1,458 1.4438 2.786 
1.666 2.993 reject. 1.455 1.440 2.784 reject 

Mean, rejecting 2.701 2.5665. 


0.846, which value coincides closely 
with the arithmetic mean 0.844, and has been adopted. 

Having established the coefficient Tube No. those Tubes 
Nos. and are also obtained from comparisons simultaneous 
observations with these tubes and Tube No. made during the field 
work. 

These comparisons are presented Table No. and include: First, 
comparison the 30-in. line between Tube No. Hastings Street 
with Tube No. Leland Street, both being center; second, com- 
parisons between Tube No. and Tube No. the 30-in. line 
Superior and Hastings Streets, and the 16-in. line, two series Mili- 
tary and Campbell Streets, Center Street; and third, comparison 
between Tubes Nos. and the 30-in. line Leland and Hastings 


center. 


Rejecting from these comparisons those low velocities, indi- 
cated the table, the ratios between the observed heads are found 
from arithmetic means follows: 

Tube No. 0.941 Tube No. 1.49, 1.37 and 1.38; and 
Tube No. 
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30-in. pipe. 


Mean reading. 
v 


1,307 


0.487 9.92 
0.758 
0.779 
0.479 
0.570 0.847 
0.981 
0.817 0.918 
0.771 0.912 
0.941 
1.764 
1.840 0.840 
1.825 
2.136 
0.978 
0.990 
2.864 
4.039 
3.155 
2.208 
2.248 0.954 
0.946 
1.695 
1.688 
1.648 0.919 
1.391 
1.056 0.930 
1.080 
0.705 
0.500 0.758 
0.372 
0.281 


AND ARMY. 


TuBE No. No. CAMPBELL AND 


16-in. pipe. 


Mean reading. 
No. 

0.189 
0.541 
0.845 
1,372 
1.935 
2.566 
8.171 
3.706 
8.722 
2.460 
0.673 
8.727 


PORTER. 

0.211 1.116 
0.836 1.545 
1.358 
1.856 
1.385 
4.500 1.419 
1.379% 

Of 
12.308 
15.678 
15.691 1.402 
1.368 

5.236 


0.378 
0.407 
0.386 
1.029 
q 
q 


OG 


Mean reading. 
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TABLE No. 7—(Continued). 


Mean reading. 


0.069 


ono 


o 


10.411 


Mean reading. Mean reading. 

0.964 

3.792 
4.283 
4.591 
1,286 
1.728 
3.969 
4.446 
4.652 
5.247 
2.097 3.220 
1.287 


= 


= 


349 
0.840 
1.468 
AND ARMY. PORTER. 
0.604 
q 080 
12.346 
30-in. pipe. 
No. 
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The square roots these ratios give the corresponding ratios between 


velocities these tubes. The ratios between the velocities are, 


Tube No. Tube No. 
therefore, 0.97; 1.18, 1.17 and 1.174; and 


Tube No. 
Tube 1.16. 


Remembering that the ratio the velocities the reciprocal 
ratio the coefficients, from the first ratio obtained: 


0.97 
efficient Tube No. 0.89 0.97 0.863. 


From the second ratios are obtained 


0.89 0.89 


0.758. 
From the third ratio obtained: 


0.745. 


Considering that observations Hastings, Leland and Superior 
Streets have shown that the maximum velocity each place very 
near the center, while similarly conclusive data were obtained for, 
but one the two locations the 16-in. line, and considering also 
the relative number experiments the two places, has been 
decided give the value for the coefficient Tube No. obtained 
from Tube No. double the weight that given each value 
obtained from Tube No. directly, and consider the latter 
equal weight among themselves, when the arithmetic mean 
adopted the coefficient Tube No. and that 0.86 for Tube 
No. 

experiments where knowledge their coefficients (beyond the fact 
that they are constant, which has already been demonstrated) would 
particular value this investigation, the discussion their 
ratings will omitted present. 
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Closed Pipes, with Running Adopted 
recapitulate, the coefficients adopted are: 


For Tube No. 3..... 0.89 0.7921 1.734 
0.86 0.7396 1.676 
0.75 0.5625 1.462 


All are applied the velocity computed from the observed 
head, considered that which the velocity due. 

Comparison Ratings Still and Flowing The Experimental 
Data.—There are now brought out for examination two series 
coefficients for the same instruments, one obtained method 
long standing for such apparatus, and method involving very simple 
manipulations and computations, the other series obtained 
more devious course experiment, but one which the conditions 
actual service were much more closely approximated. the 
skill with which both ratings were performed, the writers believe 
them equally entitled credence, and, the values obtained had 
been but slightly different, they would probably have given the open 
trough rating the preference account the larger number obser- 
vations, and the greater simplicity operation and reduction. 
Nevertheless, the results confirmed long lingering suspicion that the 
conditions under which instrument operated when dragged through 
still water were not those existing when the water flowed past it. 

For comparison, the coefficients obtained the two methods are: 

Tube No. tank rating, 0.926; pipe rating, 0.89. 


the same method rating the 2-in. pipe were applied 
Tube No. and Tube that was used for Tubes Nos. and the 
coefficients obtained would 0.861 and 0.868, the former coinciding 
closely with the tank rating the same this coincidence 
the writers were first misled into believing that the coefficient 
Tube No. would about 0.86, and that the ratios obtained the 
original investigations were error, supposedly account irregu- 
lar distribution velocities. The values obtained with Tubes Nos. 
and the tank evidently contradict every other experiment, for this 
rating the only case which Tube No. appears have higher 
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coefficient than Tube there any advantage the fine 
lines used ocean shipbuilding over those the bluff-bowed craft 
seen the Lakes, must expected that Tube No. 
would give higher coefficient than Tube No. from mere inspec- 
tion The writers, having made such investigations 
satisfy themselves that the velocities are not abnormally distributed, 
either Hastings Leland Streets, but slightly Superior 
Street, have therefore arrived the conclusion that the method 


tank rating not proper one apply the instruments under 


Distribution Velocities Circular Pipe. 


Normal Conditions: Criterions Accuracy.—The experiments made 
upon the 30, and 12-in. pipes, which the Pitot tubes were made 
traverse, afford interesting information the conditions the 
flowing water and the distribution the axial components the 
velocities its particles. addition the experiments this sort 
connected with the investigation effects curvature, some have 
been made upon one the 42-in. force mains supplying the City 


Detroit (Fig. 5), and, already intimated, the first traverses were made 


ina 12-in. pipe which had connection with the lines used the gen- 
eral investigation, beyond the fact that they afforded opportunity 
ascertain whether the Pitot tube was capable being applied the 
measurement water under the conditions which was supposed 
would exist the 30-in. line. 

the 30-in. pipe there have been more than fifty individual tra- 
verses made under the conditions straight 16-in., there 
have been seven; 12-in., twenty-nine (besides some partial prelimi- 
nary 42-in.,two. the 2-in. pipe, eleven traverses have 
already been presented the discussion the rating the tubes. 

convey some idea once the relative accuracy this work, 
may stated that the conditions the experiments June 7th 
and 8th and June 11th and 12th, 1898, were, near could be, 
the same, for the traverses made the highest velocities, which are 
shown with others Figs. The pressure the mains the 
pumping station, miles away, was probably the same, within 
both occasions. The consumption from the whole distribution, both 
sets experiments being made between midnight and 
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Diameter 


42-IN. PIPE OBSERVATIONS WITH PITOT TUBE 
ELMWOOD AND CHAMPLAIN, 
DETROIT 


TUBE NO. GAUGE NO. 
TIME 10:39 A.M. TO 4.82 P.M. 
EACH POSITION IS THE MEAN OF 5 TO 7 OBSERVATIONS 
EACH COMPRISING 4 READINGS OF THE GAUGE SCALE. 


353 


Traverse No. 1, Positions 3 to 26 


31 
54 « 64 


i 
® 
7 

| 
| 
| 
pres 


[Papers. 


Diameter Pipe 
iv) 


PIPE 
OBSERVATIONS WITH PITOT TUBE WELL 


Positions 24; 9:41:00 11:11:30 P.M. Canfield Full open. CORNER ALEXANDRINE AVE AND HASTINGS ST. 
84;11:36:00 Canfield and Hastings B.O’s Full open. DETROIT, MICH. 
;, MADE JUNE 7TH AND 8TH, 1898, 
double WITH TUBE NO. AND GAUGE NO. 
ENTRY HORIZONTAL ON CONCAVE SIDE OF PIPE LINE AND 737 a DOWN-STREAM 
FROM P.T. OF 10 FT, RADIUS 90° CIRCULAR CURVE AND 14 Fret UP-STREAM 


FROM 10 IN. 8.0. CONNECTION, 
5 OBSERVATIONS 30 SECONDS APART TO EACH POSITION, 
4 READINGS OF GAUGE SCALE FOR EACH OBSERVATION, 


354 


8 q 


355 


WATER PIPES. 
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Diameter 


North 


Ve 
0 


Velocity, Feet per Second. 


Traverse No. 7 


locity in Feet per 


Positions land 2 
10 to 31 

32 38 

{ 50 
50° 56 

67“ 72 

73 88 

89 “111 

112 “* 126 

125 * 136 


137 “ 149 
160 “ 152 


Second. 


0:19:00 to 9:27:15 P.M. Canfield B.O. opening Full 9:26 to 9:30 P.M. 
10:16:00 * 11:22:15 


11:54.00 “* 12.32:15 A.M. 
12.30:00 “12.50.15 

1:30:00 “ 2:17:46 “* 

- Hastings B.O. opening Full 2:17 to 2:21 A.M. 

2:23:00 “* 3:12:15 “* 

3:15.00 423-15 “* 

4:39:00 6:20:15 

6:18.00 5:48.15 “ 

Hastings B.O. closing Full 5:50 to 5:52 A.M. 

5:53.00 ** 6:14:15 “ 

6:16,00 “* 6:22:16 


Canfield B.O. closed at 6.52 A.M. 


Fie. 7. 


30-IN. PIPE 


OBSERVATIONS WITH PITOT TUBE WELL CORNER 


ALEXANDRINE AVE. AND HASTINGS STREET, 
DETROIT MICH., 
MADE JUNE 11TH AND 12TH, 1898, 
WITH TUBE NO. 3 AND GAUGE NO. 8. 

ENTRY HORIZONTAL CONCAVE SIDE PIPE LINE AND 

FT. DOWN-STREAM FROM P.T. 10-FT RADIUS, 90° 
CIRCULAR CURVE AND FT. FROM IN. 
CONNECTION. 


5 OBSERVATIONS 30 SECONDS APART FOR EACH POSITION, 
4 READINGS OF GAUGE SCALE FOR EACH OBSERVATION, 
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356 


284 76 257 


Canfield opened OBSERVATIONS WITH PITOT TUBE 

““ “ 9T during Pos. 5. and opened to 16 T between Pos. 17 and 18 at 12:30 IN WELL AT CORNER OF 

= bed 49 at 1:38 Lunch 12:57 to 1:27 a.m. RIVARD AND LELAND STS 

* « “ 38 T between “ 74 and 75 at 2:00:40 Mose shaken out between these observations. . 
Hastings “ “ 7T during “ 97 at 2:30:30 DETROIT, MICH., 

141 8:16:30 MADE AUG. 13TH AND 14TH, 1898. 

“ “ “ 21 “ 166 8:40:30 

“ & “ B44T between “ 198 and 199 nt 4:20:15 WITH TUBE NO. 4 AND GAUGE NO, 9. 

= “ closed 21T during * 227 « 4:50:30 ENTRY INCLINED TOWARD POINT ABOUT 20 FROM HORIZONTAL 

= a 11 T between 264 and 255 5:22 ON CONVEX SIDE OF PIPE LINE AND 756 FROM P.T. OF 

bed fully, during “ 281 §:50:10 15-FT. RADIUS 90° CIRCULAR CURVE, 

8 OBSERVATIONS 15 SECONDS APART FOR EACH POSITION. 


Canfield B.O. remaining open. 
All times from Observers watch, which was with G.H.F. at 10:60 p.m. and 40 s, behind at 7:15 a.m, 


4 READINGS OF GAUGE SCALE FOR EACH OBSERVATION, 
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Diameter 30 
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Jelocity. Fee’ » 
101 66 1 Velocity, Feet per Second. 3 


3 2 53 
3 & Velocity Head, Inches. . 30-IN. PIPE 
Traverse 42 Positions Oto 24 OBSERVATIONS WITH PITOT TUBE AT 

43 36 ** 60 HASTINGS AND ALEXANDRINE, 

44 65 ** 89 DETROIT, MICH. 
45 100 o 124 POSITIONS 0 TO 24, 36 TO 60 AND 65 TO 89 TAKEN WITH TUBE NO. 8, 
GAUGE NO. ON DIAMETER 45° FROM VERTICAL. POSITIONS 100 TO 124, 
‘ 


130 TO 154, 155 TO 179 TAKEN WITH TUBE NO. 6, GAUGE NO. 5, AT 
SAME LOCATION. 


, POSITIONS 0 TO 89 FROM 9:50 TO 11:32 A.M. 
POSITIONS 100 TO 179 FROM 1:23 TO 8:03 P.M. 
JUNE 220, 1899. 


EACH POSITION IS THE MEAN OF 3 OBSERVATIONS COMPRISING 4 
READINGS OF THE GAUGE SCALE. 


2 
8% wf fa CA Tas 
4 t 
it i 
178 
207 
> 
| 


295 253 178 
vA 
M 
A, South Entry Positions. Time occupied. 
MADE JUNE 19TH AND 20TH, 1898, 
ao 225 a 246 3:24.00 « ENTRY HORIZONTAL ON CONCAVE SIDE OF PIPE LINE AND 737 FT. & 
1? 4:08:30 Closed Full 247 « 261 3:52:00 + DOWN-STREAM FROM P.T. OF 10-FT. RADIUS, 90°CIRCULAR CURVE 
Last reading No. 353 closed 
“ 
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Velocity, in Feet. 


1.25 


4 Velocity, Head in Inches 


11. 


PIPE 


OBSERVATIONS WITH PITOT TUBE 
WELL 
CORNER RIOPELLE AND ROWENA STS., 
DETROIT, MICH., 
MADE AUG. 13TH, AND 14TH, 1898. 
WITH TUBE NO. 3 AND GAUGE NO. 8. 


ENTRY HORIZONTAL ON CONCAVE SIDE OF PIPE LINE AND 10's 
DOWN-STREAM FROM P.T. OF 40-FT. RADIUS, 90°CIRCULAR CURVE, 
8 OBSERVATIONS 15 SECONDS APART FOR EACH POSITION, AND 4 
READINGS OF GAUGE SCALE FOR EACH OBSERVATION. 


— 


For table accompanying Fig. sée inset facing page 360. 


| 
IN we 8 le esc 
\ \ \A \e/ 
32 | | & | | | | | } 235 ‘ 


Velocity, Feet per Second. 
om oO 5 1 1.25 1.50 1.75 2 2.25 2.50 2.75 3 3.25 3.50 3.75 4 4,25 4,50 4.5 5 


4 Velocity Head, Inches. 


[Papers. 
o 
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30-IN. PIPE 
OBSERVATIONS WITH PITOT TUBE 
RIVARD AND BRADY 
MADE AUG. 20TH AND 21srT, 1898. 
WITH TUBE NO. 3 AND GAUGE NO. 9. 


ENTRY HORIZONTAL ON CONVEX SIDE OF PIPE LINE 
AND 23 44 DOWN-STREAM FROM P.T. OF 15-FT. RADIUS, 


For table accompanying Fig. see inset facing page 360. 


90 CIRCULAR CURVE. 3 OBSERVATIONS, 15 SECONDS 
APART, FOR EACH POSITION AND 4 READINGS OF 
GAUGE SCALE FOR EACH OBSERVATION, a 


EXPERIMENTS FLOW WATER PIPES. 
Diameter of Pipe 307/2 ” 


360 


zxih\ aie eft 192 
296) | = KAD i 
4, 
S\G 8 H 
YA Sad © | 14 


Positions 


114 
166 
198 
61........|198 
204 center.. 
231 
284 center.. 
811 center.. 
center.. 


Traverse 
No. Position. 


68........| 
center.. 
center.. 


148 center.. 12. 


218 center.. 
242 center.. 

268 
298 center.. 

east side 
410 
435 


observation and closing O.s observer’s watch. Times opening O.s W.’s 
watch. Watches set together 8.30 


Velocities plotted full biack lines from 8.58, 


Pos. 245 omitted. 
Took only 10% 


Time. 


TABLE ACCOMPANY FIG. 11. 


Canfield opened T., 1.38.08, during Pos. 114 and 115, 
Canfield opened T., 2.00.10 2.00.40, during 141. 
Hastings opened T., 2.80.20 2,80 42, during Pos. 168. 


pot 


Hastings opened T., 3.15.14 8.15.44, during Pos. 206. 
Hastings opened T., 3.40.15 3.40.55. 

Hastings opened T., 4.20.12 4.20.48 during Pos. 259. 
Hastings closed T., 4.51.08, during Pos. 285 and 286. 
Hastings closed T., 5.22.35, during Pos. and 314. 


Hastings closed completely 5.50.16 during Pos. 339. 


All times from observer’s watch. 
TABLE ACCOMPANY FIG. 12. 


Ses 


Canfield opened T., 10.80.45, during Pos. 36. 
Velocities not plotted. 


Canfield opened T., 11.55.00 11.55.15, during Pos. 120. 

Hastings opened T., 1.52.00 1.52.15, during Pos. 219. 
Hastings opened T., 2.16.45, during Pos. 

opened T., 2.42.00 2.42.30, during Pos. 270. 

opened (24) T., 3.05.50 3.06.20, during Pos. 293 and 294. 


Shook out connection: 


Hastings closed T., 4.87, during Pos. 367. 

4.58 excessive vibrations which not read. 

Hastings closed T., 5.01.00 5.01.25, during Pos. 888. 

Hastings closed 5.35.10 between Pos. 412 and 413. 


Canfield closed 6.00.00 6.00.45, during Pos. 487. 
closed 6.25.00 6.25.20, between Pos. 460 and 461. 


| | 
| 


[<>] 
m 


Velocity, in Feet per Second 0 
Velocity Head, in Inches. 0 


“" 


tal 


oblique 30” 


Diameter-horizon 


South Entry’ 
Traverse 28 June 24,1898 Positions 1 to 24 traverse with Tube 3 and Gauge 8 on Horizontal Tap at Hastings St. P.M. 8:20 to 8:47:45. All B.0’8, closed. 
29 July 17, 1898 « 46 Oblique « « « 1:88:45 Hastings B.O. 7 T. open, 
30 “ “ 75 to9B “ “ “ “ “ « « 2:16 3:60:45 “ « Full « 


Intermission between Pos. 82 and 83 from 2:28:45 to 3:34, Velocities of this Traverse are corrected for apparent error due to leak in Gauge No.9,! 
Positions 1 to 24 were taken with Pressure Column of Gauge connected to 14 in, tap in top of Pipe. 


30-IN. PIPE OBSERVATIONS WITH PITOT TUBE. 
EACH POSITION THE MEAN OBSERVATIONS COMPRISING 
READINGS THE GAUGE 


Fie, 13, 
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362 


TUBE GAUGE No. VERTICAL 


HASTINGS, 
2:23 TO 4:25 P.M. JAN. 22, 1901. 


Fia. 14. 


TUBE 5, GAUGE No.4, HORIZONTAL. 
SUPERIOR, 
3°14 TO 4:30 P.M. JAN. 23, 1901. 
LOCATION 2 FT. DOWN-STREAM FROM A 30 IN. GATE 
WITH BONNET TO THE EAST. 


| {8 | 
| | | | | | 
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T.5,G.4 Horizontal 
Superior 


on center! Zoro G.4 | | 


Observed Heads, in Inches 


23, 1901, 
=) 


and 
around Gate 
646 


ENTS FLOW WATER PIPES. 


PIPE 
| ‘ OBSERVATIONS WITH PITOT TUBES Traverse 48 Positions 5 to 29 Hastings 
(=>) READINGS OF THE GAUGE SCALE EACH. 61 1 “* 26 Superior 
JAN, 22, 1901, SECONDS 
1 MINUTE “6 
15. 


wa 
Jan, 22, 1901, 
— 


and only days apart, must have been very nearly the same, and, 
the two blow-offs operated for producing velocity were the same, and 
both were fully opened, may expected that the discharges 
through the pipe were practically identical. June 7th and 8th two 
traverses were made the highest velocity, from which mean 
velocity 3.967 ft. per second obtained, and June 11th and 12th 
three traverses were made, giving mean velocity 3.978 ft., from 
which seen that the tube shows the conditions duplicated within 
per cent. This was for the same tube the same position, 
the traverses being made with Tube No. Hastings Street. 

August 13th and 14th traverse was made Leland Street with 
Tube No. when the two blow-offs were fully open, the time being 
between and and the conditions pressure nearly the 
same those the preceding cases could expected with the 
somewhat different consumption August. 

The mean velocity this traverse was 3.988 ft. per second, which, 
when multiplied the coefficient Tube No. 0.86, gives 3.430 ft. 
per second the true velocity. 

The diameter the pipe Leland Street, determined the 
rod caliper, ins. 2.521 ft. 

Computing for the discharge Leland Street 


Computing for Hastings Street: 

which, multiplied the coefficient Tube No. 0.89 3.972 
0.89 3.535 ft. 


Diameter, rod caliper, ins. 2.504 ft. 


Mean velocities observed June 
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The excess discharge June over that August, therefore, 
17.408 17.121 0.287 cu. ft.) 
the night July 19th and 20th, 1898, three traverses were 
made Hastings Street, with Tube No. with the Canfield Street 
blow-off, only, open, the mean velocity which gives 2.816 ft., and 
this, multiplied the tube coefficient, 0.89, gives the true velocity 
2.506 ft. per second. 
Log. 2.506 ft. 0.398981 
Hastings Street area 0.692359 


appears have been 


the night August 13th and 14th traverse made, under sim- 
ilar conditions, with Tube No. Leland Street, gave mean velocity 
2.847, which, multiplied the coefficient, 0.86, gives true velocity 
2.448 ft. 
Log. 2.448 ft. 0.388811 
Leland Street area 0.698237 


1.01 nearly, the two measurements agree 


1.087048, whence 12.219 cu. ft. 


within less than per cent. 


The several traverses are presented Figs. and Plate 
which are self-explanatory; and the velocities, reduced from the gauge 
readings, already explained, are given Table No. 

examining these diagrams will noticed that nearlyjall the 
traverses show region peculiar disturbance about two-tenths 
the diameter from the sides. The cause this disturbance how 
occurs not clear from these observations, but its presence practi- 
cally all the traverses precludes the possibility its being accident 

Normal Conditions: Observations with Low traverses 
taken the lower flows show much less regular variation the veloci- 
ties than the faster ones, and those which the mean less than ft. 
per second are irregular render them unsatisfactory for meas- 
uring purposes. these traverses not infrequently zero velocity 
would recorded, and sometimes even negative one for several 
seconds. first, the writers were loss account for the negative 
velocities, for, while was possible admit condition rest, 
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TABLE No. 


Woodward and 
City Limits. 
2) March 8, 1901. Vert. E| 2,096) 2.317/1.912 | 0.826)...... 


was difficult imagine reversed flow, when was known positively 
that the only outlet was down stream. further experiment, was 
found that if, when Tube No. was reading high velocity the 
positive direction, the point was turned away from the direction 
the axis the pipe, the reading would decreased and that, soon 
after the point passed angle 45° with the axis, negative readings 
Making complete revolution the tube, was found 
that the maximum negative reading occurred when the point was about 
right angles the axis, the readings approaching zero again after 
this point was passed, and being considerably nearer zero when the 
tube was reversed than when was only half reversed. From these 
observations, was concluded that the zero and negative readings 
were due oblique currents, and, obliquity little more than 
45° was evidently sufficient produce them, was determined 
treat all negative readings zero. This, undoubtedly, has the effect 
giving too low discharge the section, but did not seem pos- 
sible determine the true axial velocity when such readings occurred, 
and the writers preferred limit the use the instrument those 
cases where such readings not occur. Traverses containing them 
are nevertheless presented, has been the purpose the writers 
present the results obtained, they good, bad indifferent. 
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and wall pipe. 


|July 16th, 17th, 1898. Hast- 
ings and Alexandrine, 

WI Tube No. 3. Oblique. 
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42-In. PIPE. 


June 2d, 1898. 


Elmwood and Champlain Streets. 
Tube No. Horizontal. 


15 


16! 


5 

8.042 


3.888 
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1 


Be 


2.620 
8.109 
3.519 


3.698 
8.788 


1 


5 
5 
9 


3.079 


TABLE No. 


June 7th, 8th, 


Hastings Street and Alexandrine Avenue. 
Tube No. Horizontal. 


. 


or 


June 11th, 12th, 1898. 
Hastings Street and Alexandrine Avenue. 
Tube No. Horizontal. 


(41) | (12) | (13) | (14) 
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TABLE No. 


ABNORMAL CONDITIONS. 


August 13th, 14th, 1898. 
Riopelle and Rowena Streets. 
Tube No. 3.—Horizontal. 
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4th,1898. 
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Tube No. 
Vertical. 
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Normal Conditions: Relation Central Mean Velocity.—As already 
stated, was discovered early these forthe 30-in. 
pipe nearly constant ratio existed between the mean velocity de- 
termined the traverse and the velocity the center, and this fact 
was once taken advantage measure the without the 
labor traversing. 

Table No. shows the elements seventy-six traverses, giving the 


ratios From this table, selecting those traverses which when 
plotted the nearest approach normal conditions, mean value 
this ratio 0.84 has been arrived for the 30-in. pipe, and this 
value seems also hold for the 16, 12, and 42-in. pipes. The value 
0.81 for this ratio has been already deduced for the 2-in. brass pipe, 
from which may appear that the ratio decreases slightly with the 
diameter; but traverses other points this pipe have given ratio 
0.84, that, for such diameters are met ordinary practice, 
seems entirely safe use factor near 0.84. There appears, the 
face Table No. some evidence that the ratio changes with the 
velocity, but such change occurs quite small within the limits 
the experiments. The irregularity the ratio seems more likely 
due the occurrence disturbances the tube passed the 
center, rather than actual variation the ratio. Observations 
made with tube the center continuously showed the velocity 
there continually varying through small limits, but enough 
change the value this ratio between the maximum and 
minimum. 

Normal Conditions: The Equation the Velocity Curves.—The con- 


stancy the ratio Points definite form the surface repre- 
sented the plottings the axial components the velocities, and 
ordinary judgment would indicate the curve the right section 
one that might become tangent very nearly the pipe wall. the 
common curves, that which most naturally comesto mind fulfilling 
this condition the ellipse. inspection the plotted traverses 
where normal conditions existed shows that the velocity the pipe wall 
was probably about half the maximum. already pointed out, the 
velocity this position has never been measured account the 
impossibility doing with tubes finite dimensions, but, from the 
inclination the line between the two positions nearest the edge, 
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seems fair assume the foregoing value. this so, then the veloc- 
Recalling, now, that the volume the ellipsoid revolution two- 
thirds the circumscribing cylinder equal length, and the volume 


once that the establishing the ratio 0.84 stamps the velocity 
curve close approximation the ellipse general form, 


spite its many irregularities. The writers are aware that previous 
investigators have assumed this curve parabola, possibly modi- 
fied some other curve near the sides, but this assumption calls for 


ratio 0.75, which altogether too far from the foregoing experi- 


mental values admitted, notwithstanding that distinguished 
predecessor this line experiment has deduced parabolic equation 
for this curve from comprehensive mathematical investigation the 
supposed internal relations the particles and their motions. is, 
perhaps, fair themselves state that the elaborate investigation 
above referred to, was unknown the writers until after the completion 
the work 1898. 


The experiments show that even straight pipe the value the 
ratio may vary somewhat obtained experiment. Whether 
c 


actual variation occurs after normal flow once established they did 
not regard proven except where special disturbing causes intervene. 
Abnormal Conditions: Distortions the Velocity under 


conditions flow straight pipe, the velocity curve assumes 


form approximating closely the ellipse, very susceptible small 
distortions. The effect curvature probably one the most potent 
producing such distortions, and Figs. and show series 
traverses taken horizontal diameters 30-in. pipe points few 
feet beyond the T.’s 90° circular curves. Fig. shows traverses 
taken ft. ins. down stream from 40-ft. radius curve, and Fig. 
those taken ft. from 15-ft. radius curve, for mean velocities 
both cases ranging from less than ft. about ft. per second. 
These traverses, particularly those Fig. 11, show the gradual dis- 
placement the point maximum velocity from position near the 
center slow velocities one about the location the peculiar 
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disturbances already referred the consideration normal flow, 
when the maximum velocity reaches little above ft. Beyond this 
position increase 30% maximum velocity fails shift the 
point the locus. This, perhaps, explains why the losses observed 
when water flows around single curve 180°, are not twice great 
when passes around one 90°, and the same radius. The 
velocity curve probably receives its maximum possible distortion 
velocities above ft., before the water has passed the first quadrant, 
that there more energy absorbed this operation until tan- 
gent reached and the velocity curve begins brought back the 
normal form. interesting that the point maximum 
velocity the same place the diameter both figures, thus 
showing that variation radius from ft. has very little effect 
changing the distribution this respect. 

But will also observed that there marked difference the 
remaining characteristics the velocity curves the two figures, 
those following the short-radius curve, showing total distortion 
than those following the longer ones. This may part, perhaps 
wholly, accounted for the excess distance existing between the 
curve and the diameter traverse the former, thus permitting 
the velocities begin their readjustment, but the fact that the point 
maximum velocity the same position both cases seems 
show that the readjustment has least not progressed unequally 
the two cases, and appears controvert the above suggestion. 

the distortion the velocity curve accounts for the excess 
loss head the first half 180° curve over that the second, 
must leading factor curve resistance, and might suggested 
that the curve producing the least distortion would offer the least 
resistance the passage water around it, when follows that the 
loss the short-radius curve would the less. 

Passing this question for the present, the effect the distortion 
the velocities upon the loss head observed the tangent 
following the curve becomes interest, for readily seen that 
energy absorbed producing the original distortion, energy must 
also absorbed bringing about readjustment the normal 
arrangement, and question once arises the limits within 
which the curve resistance measured, for must evidently 
extend beyond the curve. The logical conclusion that the curve 


— 
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resistance must assumed extend the point where the distri- 
bution velocities again becomes normal, and the curve should 
charged with the excess loss head the section between this point 
and its beginning, over the loss equal length similar straight 
pipe. now becomes interest determine how far away from the 
the curve this point normal rearrangement is, and this 
question obtained are not conclusive. 

Abnormal Conditions Readjustment the Velocity Curve.—It has been 
considered that the distribution Hastings Street was normal, 
although, even there, occasional evidences eccentricity the point 
maximum velocity have observed. This location 737 ft. 
down stream from 10-ft. radius circular curve, and the intervening 
pipe contains known disturbing elements, and the whole seems 
safe conclude that the distortion caused 10-ft. radius curve does 
not extend 737 ft. 295 diameters down stream 30-in. pipe, except 
very low velocities. 

Looking now the traverses Superior Street (Fig. 14), appears 
that while the maximum velocity the center, there, nevertheless, 
distortion, which, however, may due the presence gate with 
the bonnet the slow side the traverse, only ft. upstream. This 
location 238 ft. down stream from 6-ft. radius curve and the conclu- 
sion must considered doubtful that distortion apparent 238 ft. 
diameters down stream from 6-ft. radius curve 30-in. pipe. 

The traverses made Leland Street (Fig. 8), shows slight dis- 
tortion which is, with one exception, toward the concave side the 
curve, and may, perhaps, justly questioned whether this distortion 
may not due preceding branches the pipe, which there are 
three the slow and one the fast side the traverses, the nearest 
being one the former, 10-in. distant about 270 ft. 
stream. length 756 ft. pipe intervenes between this traverse 
and the preceding 15-ft. radius curve. This location, therefore, can- 
not considered furnishing conclusive evidence either one way 
the other. 

The 16-in. traverses, Plate XIII, Fig. which were taken verti- 
cal diameter, show slight vibration the point maximum velocity 
and down past the center the velocity changes. These traverses 
were taken 328 ft. from compound curve having mean radius 
about ft., there being intervening specials. seems fairly safe 
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conclude that the effect the distortion due radius hori- 
zontal curve not apparent vertical traverse 328 ft. 252 diame- 
ters down stream 16-in. pipe. 

The 12-in. traverses South Street, Plate XIII, Fig. which were 
also taken vertically, show decided distortion Reid Street, where 
the traverse was taken ft. below gate which was examined and 
found wide open, and which part projected into the water- 
way. 

the point maximum velocity below the center, would 
seem that the effect the opening into the bonnet the gate was 
retard the flow the top the pipe, and corresponds the observed 
condition Superior Street. The traverses Kercheval Avenue were 
made diameter 026 ft. from the nearest up-stream obstruction 
any kind, which was the same gate, and the preceding 000 ft. was 
probably carefully laid any section pipe ever put into the 
ground, being nearly straight line was possible for levels 
and alignment make it. spite these excellent preceding con- 
ditions the traverses Nos. 94, 95, 101 and 102 show distortion the 
velocities, the maximum being persistently little above the centers. 
the gate Reid the only disturbing cause, seems that one 
two conclusions drawn; (a) that the maximum will not 
remain exactly the center under even the most favorable conditions; 
that disturbances velocities may extend more than 000 diam- 
eters 12-in. pipe. The writers consider very improbable that 
unknown obstruction existed the preceding pipe. 

Traverses Cand Plate XIII, Fig. are means series 
traverses taken 12-in. pipe, the individual observations being three 
position, all taken within period seconds, after which the 
instrument was moved, thus giving position every seconds. The 
location was straight pipe, about ft. down stream from 

12-in. reducer, which was ft. down stream from 6-in. cross. 
The pipe preceding this cross was ordinarily straight, and ins. 
diameter for several thousand feet, the nearest special being 6-in. 
tee about upstream. These traverses would seem indicate that 
the effect the reducer, any, was straighten out make normal 
the velocity distribution, the cross and tee mentioned had dis- 
torted it. 


When these traverses were made, the water was passed through 
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Traverse No. Position Military and Army Aves., Sept. 13, 1898; Diameter 


88 27 ** 39 “ “ “ 
a “ 9 40 “65 “ “ “ “ Sept. 18, 1898; a “ 
90 6s G2 “ “ “ “ “ “ 
“ 91 96 119 “ “ “ “a 
“ $3 145 ** 169 “ “ “ “ “ 
“ “ 27 ** 39 “ “ 
D “ 40 52 “ “ a “ 
Traverse No. Positions Kercheval Nov. 1898; Diameter 
© 95 “ 23 ** 43 “ “ “ 
** 96 45‘* 65 Reid and South Nov.16, 1898; 
“ “ OF 66 86 66 “ 
“ ** 100 130 ** 150 “ “ 


169 Kercheval and South, June 11.992” 
“ ** 102 170 ** 188 “ “ June 7, 1899; “ 


Location 2026 Ft. from nearest up-stream disturbance, 
Location Ft. down-stream from wide open Gate, Bonnet top. 
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12-in. Venturi meter about ft. down stream from the diameter 
the traverse. The discharge was measured through this meter simul- 
taneously with the tube work, attaching one the mercury gauges, 
described under differential gauges, the up-stream and throat con- 
nections, and computing the discharge from the observed difference 
head, which was read every seconds. 


The results were follows, Tube No. being used: 


A=Mean 1.063 045 0.983 
2.565 2.408 0.935 
4.148 3.733 0.900 


Abnormal Conditions: Effect Distortion the Velocity Curve upon 
the Discharge, Measured Pitot Tube.—Small distortions the ve- 
locity curve not appear affect the accuracy discharge 
measurement traversing with the Pitot tube, although they will, 
course, reduce the apparent discharge when based the observa- 
tion the velocity the center. follows, therefore, that when the 
latter method used, the position the maximum velocity should 
established. establish this, examinations two diameters ap- 


proximately right angles each other are necessary, least, 
maximum velocity eccentric. far the present investigation 
goes indicates that when the velocity found maximum 
the center one diameter may considered all, but until 
traverses are made the second diameter where the distortions are 


great, this cannot positively affirmed, and the writers would not feel 

Computations discharges from the traverses taken under the 
excessive distortion observed near the curves not correspond with 


those obtained simultaneous traverses the Leland Street location 


MAL. 


nor does the even 
c 
the case normal distribution. 
Effect Form Tube: The Rating Means and Equations.—At the 
end Table No. are given the co-ordinates the points and 


the straight line deduced from the rating experiments the 


correspond with their values 


method centers gravity, and also the equations these lines. 
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The arithmetic means the ratios are also given, the experiments. 
c 


marked with asterisk being rejected this computation. 

will observed that all the equations involve constant prob- 
ably produced the variation the maximum velocity from the 
center the pipe. The plottings the rating experiments show 
eccentricities the loci all the tubes the low velocities, and, 
omitting from the computation one more the experiments 
included, the constants could reduced. constants are not, 
the opinion the writers, any great extent, due errors 
observation, but rather, indicated above, minor changes from 
the general law distribution within the pipe. How much they are 
influenced the form the tubes unsolved problem. 

The differences the coefficients, the values the ratios 


are evidently due the main the form the tubes, and, 
whether the effects form investigated the arithmetic means 
the line equations, similar differences appear most cases. 

Effect Form Tube: Effect the Point.—When the tubes have 
been experimented upon with the triple gauge and readings the cir- 
cumferential ring piezometer observed, possible study the 
effect the changes the point separately from those the tube 
and Table No. gives the experimental results: 


TABLE No. anp Ratios 


Tube. 
means. line means. line 
0.799 0.797 0.962 0.983 
0.784 0.803 0.968 0.992 
0.821 0.801 0.989 
0.874 0.87 1.079 1,084 


This shows range more than 12% between the point Tube 
No. and that Tube The point the former quite similar 
that used Darcy, considered ranging from 0.875 1.057. 
The differences the foregoing values show that such assumption 
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may not be, all cases, within the limits allowable error, Tube 
give result too small, this assumption, while 
Tube No. gives one from too large. The forms the points 
are well shown Plate and Fig. The effect similarity 
points shown comparison Tube No. with Tube No. and 
Tube with Tube 
Effect Form Tube: Effect the Pressure con- 
sidered the effect the point, now possible arrive some 
conclusion regarding the remainder the tube examination 
the experiments point and pressure openings which have been 
made Tubes Nos. and and Tubes Cand 


TABLE No. Ratios AND COEFFICIENTS. 


ube. 

means. line. means, line. 
729 0.720 0.900 0.889 
0.693 0.703 0.857 0.868 

Here, seen that the effect the remainder the tube 


some cases reverse the tendency the point. Thus, Tube No. 
which for and had the lowest coefficient, has the 
highest for the Point and and Tube which had 
cient for Point and Ring” 12% higher than Tube No. now has one 
nearly lower. appears, therefore, that side openings located 
Tube will increase the tube reading considerably, and thus enable 
used more accurately low velocities. Comparisons the 
forms Tubes Nos. and and Tube are less reliable because 
the area these tubes occupied the pipe, which shown Fig. 
although the effect similarity form between Tube and Tube No. 
5is easily apparent. 

Effect Form Tube: Effect the Presence the Tube the Dis- 


tribution might easily supposed that the insertion 
large tube small pipe would cause the water rush past 
57. higher velocity and, therefore, with decreased pressure, that, while 


the point was reading the normal velocity, the pressure openings 
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would read low and the apparent velocity would increased. From 
the position the ring openings, more than in. stream from the 
point, seems safe conclude that this effect would only apparent 
the side openings the tube itself, and the first conclusions drawn 
from the rating experiments, when coefficient 0.861 was obtained 
for Tube No. were conformity with this supposition, for, assum- 
ing the rating still water, which gave 0.859, reliable, the evi- 
dence seemed strongly its favor. examination the 
distribution the velocities shown the traverse with Tube No. 
comparison with those made with other tubes showed clearly that 
there was large due the contracted area, and when the pipe 
comparisons 30-in. and 16-in. pipe, made under widely varying 
conditions, showed the ratio Tube No. Tube No. 
and this was checked rating Tube 5-in. pipe which 
gave for coefficient for 0.80 andfor 0.64, and compari- 
son between Tube No. and Tube its duplicate, the 30-in. 
pipe, appeared conclusive that the effect the contraction 
area was the opposite that supposed above, and may conjec- 
tured that the presence the tube caused division the stream 
with the maximum velocity away from the sides the instrument. 

Effect Form Tube: The Effect Form the Tank Ratings.— 
the tank ratings the effect form shows itself somewhat differently 
than the pipe. The finer lines Tube No. permit pass 
through the water without much disturbance, while the more 
outlines Tube No. seem cause body water swept 
ahead and perhaps act cushion fender the effects the 
impact against the water beyond. This does not mean generation 
velocity the rating trough, necessarily, but simply carrying along 

The sinuous line Tube No. the tank rating seems ac- 
counted for the possible generation wave, amplitude varying 
with the velocity, such that certain speeds its direction past the 
pressure openings causes them read high and others read low. 


DIFFERENTIAL GAUGES. 


Construction. 


Mercury Differential Gauges.—In 1894 two differential mercury 
guuges, Nos. were constructed for the Engineering Department 
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the Detroit Water-Works, the general design each consisting 
glass U-tube in. internal diameter, each end which was con- 
nected separate drawn-brass tube leading down the back 
the gauge and terminating the bottom shut-off cocks and coupling 
for hose. The U-tubes were partly filled with mercury, and the press- 
ure communicated the tops these columns the water the 
hose, thence through the tubes the back the gauge, through 
the top connections and down the glass tube. the U-tubes 
finally were broken handling, and were found expensive and diffi- 
cult replace, the gauges were rebuilt 1896, shown Plate 
XIV, and used various tests and experiments during 1896-98. 
The glass tubes have inside diameter and standard with 
funnel top provided one side enable the gauge filled 
with mercury without disturbing the connections the top the 
glass. 

by-pass also provided near and below the main shut-off cocks, 
and opening this equalizer the mercury should return zero 
reading. The tripods for the various gauges are not shown any 
the illustrations. 

Oil Differential Gauges.—For measuring the losses head the 
experimental lengths—except the 12-in. tangent—two 
special differential gauges were used, designated Nos. and each 
consisting two glass tubes in. internal diameter, and ins. long, 
mounted upon board parallel positions about ins. apart 
shown Plate XIV. The tops were connected brass casting 
having vent filling opening closed cap. the bottom 
brass casting connected each tube cock, which terminated 
coupling for the attachment hose. scale, graduated inches 
and tenths, was mounted between the two tubes. 

When these gauges were partly filled with water, the upper part 
the tubes containing air, the length that part the scale between 
the tops the two water columns would give the difference head 
the and down-stream sides the instrument, directly, which could 
read, under the conditions the experiments, in. 

This might considered highly satisfactory those who are ac- 


customed the use Bourdon gauges mercury columns, but could 


The general design was similar the one built and_used Kuichling, Am. 
Soc. E., and described him his valuable paper, the Loss Head Resulting 
from the Passage Water Through 24-In. Stop Transactions, Am. Soc. E., 
Vol. xxvi., after which these gauges were part modeled. 
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hardly efficient measuring the loss head ft. 30-in. pipe 
velocities less than ft. per second. 

increase the fineness the reading the instrument, the air 
the upper portion the tube was replaced oil, whereby the value 
one division the scale head water became greatly decreased. 
With ordinary kerosene the reading the scale was about five times, 
and with sperm oil about nine times, the head water, will shown 
later. 

Kerosene, gasoline and sperm oil were tried various times 
these experiments,* and although all gave good results, kerosene was 
found the most satisfactory, for the following reasons: (1), 
evaporates very slowly; (2) does not destroy rubber hose very 
quickly; (3) remains perfectly fluid under all ordinary conditions 
and responds instantly changes pressure; (4) has convenient 
specific gravity; (5) will not explode used night near 
lanterns; and (6) can obtained anywhere. 

opening with cap provided the top for filling with oil and 
allowing the escape air, and two small cocks near the bottom are 
used for blowing out the air the hose, part the oil, found 
necessary. Much trouble was experienced for two years with oil leak- 
ing through the but since using common yellow soap 
the packing, place tallow, leak has ever been observed. 
may remarked here that these gauges have given excellent satisfac- 
tion under various conditions, and the very fact that they are easy 
observe, there being ordinarily vibration, adds greatly the value 
the results obtained. They can also constructed indi- 
cate with great accuracy observed with Pitot tubes gas air 
flues, and, properly graduating the scale, gas air, can 
read directly any time. The form shown not the 
best, and these any other gauges valves should used 
which are not approved design and curefully inspected. More 
trouble has been experienced with poorly constructed plug cocks 
the various gauges used than all other leaks combined, although this 
form valve generally preferable any other style, contains 
chamber bonnet which may retain air. 

Cornell Triple Gauge.—This gauge similar Nos. and with 
the exception that three glass tubes ins. long, are used instead 


far known the writers, the use oil this manner original with them. 
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two ins. long; thus permitting pressure differences observed 
between three points instead two. 


Method Conducting Experiments. 


Piezometers.—With the exception the four special 
piezometer castings set the 12-in. line, and horizontally 
the side the 16-in. pipe and some the 30-in. curves, all connections 
the various pipes were made with corporation cocks screwed into the 
top the main nearly right angles the center line possible. 
the 30-in. line these cocks were in. diameter, the hole first being 
drilled from the inside, normal the axis the pipe, threaded from 
the outside, and painted with graphite paint red lead and oil. 


. 


Cock 


- 
Air Chamber?) Nipple 


Hose Connection 


Hose to Gauge 
Surface Street 


Rieer, capped 


when not in use 
Wiped joint 3g Strong" Lead pipe \ Elbow 
Wiped joint 
44 Brass Corporation Cock ped Stop-cock 


(Tapped 
on [nside, Iron 
painted with 
Graphite paint 


30-in. Pipe 


with waste 


OIL GAUGE CONNECTION PIPE LINE 


y 
4 


16, 


the and 16-in. lines, §-in. cocks were used, the inner end bottom 
being plugged, and }-in. hole tapped through the plug. They were 
inserted with tapping machine. difference could detected 
the results obtained the two methods, but may observed that 
pressures are very low, too opening will not allow sufficient 
flow through the lead pipe and hose remove the air. 

Apparatus: Lead Connections.-—Nearly all piezometers, except those 
the ends the tangents the 12-in. line, were connected 
the side the road, shown Fig. 16, with }-in. lead pipe, and 
provided with stop and waste cock and riser the surface. This 
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method has proved very satisfactory where pipe laid streets sub- 
ject more lesstravel. few cases, where the cock was located 
gate-well, lead pipe was required. 

Apparatus: Air Chambers.—The first operation connecting the oil 
gauges consisted removing the cap from the riser the side the 
street and screwing air chamber made pipe. The air 
valve the top was opened and the water turned the stop cock 
the lead connection. soon all air seemed have been removed, 
the necessary amount hose was attached near the bottom the air 
chamber and water turned and allowed run for some minutes, 
the hose being violently shaken the meantime and the air valve 
finally closed. impossible say just how much value these air 
chambers have. obvious that they should placed the street 
main, but this could not done, they were placed close 
the street would permit. Air chambers were used all experiments 
where not otherwise stated. 

Apparatus sizes hose were generally used, }-in. and 
all, several hundred feet. divided generally into 50-ft. 
lengths, and all couplings were threaded the same and provided with 
rubber washers allow any arrangement lengths and obtain 


tight joints. was thought, perhaps, that different sizes unsymmet- 


rical distribution lengths might affect the results, but careful 
investigation readings obtained the field and experiments made 
while calibrating the gauges, gave evidence that such condition 
existed. This was true even the extreme case South Street (12- 
in. line, where the gauge was connected 1000 ft. §-in. lead pipe 
one side and only ft. lead pipe the other. connecting 
the gauges, however, was the intention have the same length 
each size either side the gauge, and but few instances, was this 
rule disregarded. Experience seems show that hose prefer- 
able }-in. hose for general work, because easier remove all air; 
higher velocity through can obtained the inlet openings are 
sufficiently large, and, while small air bubbles will fill the entire cross- 
section the }-in. size, the same bubble would givea clear waterway 
the hose. few cases hose was used, and was found 
work well, not better, than the size, but not easily 


carried from place place, and is, therefore, not well adapted 
field use. 
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Manipulations: Connecting Gauges.—The gauge was usually set 
about mid way between piezometers, either the shade tree, build- 
ing, umbrella, except when work was done night. 
fied that the hose was clear air, was connected the gauge and 
the lower valves opened. the oil had been used for some time, and 
its line contact with the water was not sharp and well defined, the 
cap the top the gauge was removed and all oil blown out. The 
bottom cocks were then closed, and oil fed the top the gauge 


through funnel, while water was slowly drawn out one the 


small cocks near the bottom. When sufficient quantity oil had 
been introduced into the gauge, the top cap was screwed and 
the small blow-off cocks closed; the bottom valves were then opened, 
and, there was flow through the main, the dividing surface 
between oil and water both tubes should stand the same 
level; but such result was seldom obtained, although the devia- 
tion was always very slight. 

There appear three principal reasons for the gauges not 
registering zero: 

(1) Small leaks anywhere, even joints, are sufficient 
was found the hose, but all cases, all joints above ground were 
made tight and every precaution taken eliminate this error. Leaks 
the gauge affect the readings more than near one the piezom- 
eters, and are more importance when small hose, long lengths 
hose, small piezometer openings are used. 

(2) second reason was, air connections, which was, however, 
removed thoroughly possible. the gauge gave readings 
apparently error, all joints were carefully examined for leaks, and 
the hose disconnected and shaken for several minutes with full flow 
through before being re-connected. Air bubbles horizontal 
pipe apparently affect the results much less than the same 
vertical. 

(3) third reason different temperature water the connec- 
tions either side the gauge, when one hose shaded and the 
other exposed the sun; especially vertical portions the connec- 
tion. This error could not entirely eliminated the field, especi- 
ally work done during the day time. 

Before taking any readings with the mercury gauges, they were 
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tried with the equalizer open ascertain the gauge balanced prop- 
erly. may stated, however, that doubtful how much value 
arrangement has that permits equalizing gauge test its 
returning zero; and such arrangement not attached the 
oil gauges. matter fact, the instrument only part 
the apparatus, for the tubes, piezometers and other connections 
should also included the test, and, order try the 
gauge properly, after being connected, should read with con- 
dition ‘‘no flow,” when, returns level position, known 
that the entire apparatus working satisfactorily. Equalizing the 
instrument alone sometimes detrimental the results obtained, 
readings are used taken, when, corrections should applied, 
they should rejected altogether. 

Manipulations and differential gauges 
were read once every seconds. Those containing kerosene were 
easily read the nearest 0.05 equivalent about 0.00085 ft. 
water—and all calibrations and some other observations were taken 
the nearest 0.01 in., the scales being divided into inches and tenths and 
numbered from the bottom. The observer recorded his own 


readings, which were timed well-regulated watch, and took tem- 


perature readings from thermometer attached the gauge. 

Two men were required with the mercury gauge, observer and 
recorder, and there was frequently considerable vibration the 
columns mercury, and the direction movement the tops the 
mercury columns must necessarily, the same moment, opposite 
directions, the readings the two columns were observed simulta- 
neously one extreme and then the other, and average used 
observation. The scale Gauge No. divided into inches and 
tenths, being the center, the numbers reading and down from 
this point; all below the marked and above This manner 
dividing gauge scales not satisfactory, the sign the readings 
occasionally confuses the observer, omitted from the notes. 
thermometer was attached each gauge and that read- 
ings should taken every minutes. This rule was strictly adhered 
all later work, with both oil and mercury differential gauges. 
The effect temperature upon the observed results was not first 
fully appreciated, and some the earlier work the thermometer 
was not read frequently should have been. 
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The calibrations show that temperature effects must not neglected, 
and making reductions the temperature has been interpolated where 
not actually observed. case, however, have such interpolated 


figures been published the log experiments given without calling 
special attention the fact. 


CALIBRATION OIL 


n=Sp. gr. water. 


(2) 
(3) 


(5)from(3) 


the weight air neglected 


(4) becomes (6) when d=1 


LA, 


17. 


Calibrations. 


the operations connected with experimental 
hydraulics are more importance, are more difficult perform, 
than the careful calibrations the instruments used the observa- 
tions, and few have been neglected much the past, even those 
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whose experiments will the foundation important practical for- 
mulas their respective lines for many years come. 

Fully realizing this, some the first work carried the writers 
was attempted calibration part the gauges, and from that time 
down the present much attention has been given this subject, 
being their endeavor apply such coefficients the field notes that 
the final results obtained might near the true ones the instru- 
ments described and time and resources their disposal would permit. 

Many the first investigations were unsatisfactory, but the ones 
given are those applied most the experiments; few cases, 
however, where seemed possible different rating should obtain, 
account oil different specific gravity being used, other values 
were adopted. 

Kerosene.—Attention called Fig. for proper understanding 
the principle upon which the oil differential gauge works, and the 
method adopted for its calibration with kerosene. 

Gauges Nos. and were used, one suspended above the other, the 
lower one partly filled with oil and the upper one connected and 
having its top cap removed. The remainder the lower gauge, the 
hose and the top gauge were filled with water, and great care was taken 
have air either the gauges connections. this condition 
the columns oil should stand level. Part the water one tube 
the upper gauge was then drawn out through the small cock its 
bottom until and and were observed. Another 
water was then drawn out and and again observed, and 
until about one-half the water the upper gauge had been 
removed, when, like manner, would lowered the other tube 
until the water near the bottom the upper gauge read level, and the 
oil the lower gauge should have returned zero. 

Eleven observations were usually made, and the temperature the 
water was taken drawn from the upper gauge. Many series 
observations have been taken this manner with oils various 
specific gravities, and Table No. are shown the results obtained 
from one such calibration, every reading being taken two observers, 


each without reference the other. Column gives the value 


finally corrected and Column its variations from this one calibra- 


the air not being considered. 
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TABLE No. No. 11, 


Date and time, 
July 17th, 1899. 


No. 6—WATER. 


No. 7—KEROSENE. 


Observer. 
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Table No. are given the results obtained series cali- 


brations (No. being the one given detail Table No. 12), the 
ones marked diverging” being the readings obtained when was 
increased and when was diminished. 


was thought that the effect getting larger and then smaller 


might apparent the results—which are shown Fig. 18, where 


Inches Oil Gauge Reading equivalent one Inch Head Water. 


CALIBRATION OIL GAUGE No. FILLED WITH KEROSENE AND WATER, 


SHOWING EFFECT OF CHANGES IN TEMPERATURE, 
® Observations taken with Columns Separating. 
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18. 


all readings are plotted,—and for this reason readings were taken 


gives the average results derived from the readings with 


results presented this table and obtained the foregoing calibra- 
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tions, are affected the presence the air which does not exist 
the field observations. correction, therefore, should applied 
eliminate this factor before using them with such data. was not 
deemed advisable include the readings taken with in. and 
ins. owing the effect observation errors. 
was impossible, with the apparatus used, get the necessary 
range temperatures cover all the experiments, the specific gravity 
the kerosene was observed with oil hydrometer, and, near the 
bottom Fig. 18, the readings thus taken are shown with their re- 
spective temperatures, and the average computed line. 


TABLE No. REDUCTION CURVE. 


N—p N—p 

Mean|excess. 0.1808 


was very difficult, with the hydrometer used, obtain the actual 
specific gravity, the angle that the oil makes with the glass very 
obtuse, but always holding incandescent light the same angle 
outside the glass vessel containing and below the surface the oil, 

always observing from the same point above this surface, very close 
relative readings could taken. comparison made, Table No. 
14, between the average line obtained from the hydrometer readings 
and the results the average calibrations from Table No. 13, and the 
latter are found average 0.1803 excess the former. Table 
No. 15, from the specific gravity water, and that the oil, found 
the hydrometer, the value D,—Column 5,—is given when the air 
taken into consideration, and Column when not. this 
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air does not exist field observations, 0.1803 added Column 


the result, Column giving for in. water 60°, which 


the coefficient applied most the field readings. Fig. shows 
graphically the operation just described, the dotted lines taking into 
account the air and the full lines omitting this. 


CALIBRATION KEROSENE 


=Gauge Observafions: 


4,900 
~ 
| 
o 
=> 
q n 
o 


Kerosene 
o 


(Hydrometer.) 


Specific Gravi 


for] 


manner similar that described under the kero- 
sene calibrations, the specific gravity gasoline was observed with 
hydrometer and plotted Fig. 20. Previous this—September 19th, 
1898—four calibrations were made with the differential gauges the 
gasoline used the 12-in. and 16-in. are follows 


i 
F 
‘ 
n-0 
| 
. 
From 
Hydrometer. 
q 
19. 
4 
4 
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66° 


the rate change per degree found the hydrometer 


and the actual calibrations given above, Table No. was con- 


structed, 


with allowance made for the air 


TABLE No. CALIBRATIONS. 


Temp. Fahr. 


From 
(2), and (4). 


Gr. 

lier 


Gr. Ker. 
uce 


Hydrometer. 
Sp. Gr. 


60° 


Water 
Sp. 

Corrected 
curve Col- 
umn (6) 
kerosene 


Multi 


(3) (5) (6) (7) (8) 


0.7955 0.00127 5.0528 0.96875 


0.00114 


1.04901 


| | | | | . 


0.70 
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80° 40° 50° Fahr. 60° 70° 80° 
20. 
TABLE No. 
SPECIFIC SPECIFIC 
GRAVITY. GRAVITY. GRAVITY. 
Wa- 
ahr. 


Wa- 
ter. 

(1) (2) (3) (4) (2) (3) (4) (3) (4) 


TABLE No. SPERM 


DEGREES, INCHES SPERM FOR 
{ | ] 
1898. 
bration. 
8.792 8.7915 Same oil specks. 
8.928 Gauge probably refilled during fol- 
lowing experiment. 
Brady tangent. 
Mar. 9..| 52-61 8.612 |Air had been 70° for hotirs; water 
had been hour from tap. 
and new water added, heated 79°. 
60-60 9.05 open all night; calibrations 
with window open. 
was measured from 62° 70°. 


Sperm few field observations were made with 
sperm oil, and part those were such nature that relative rather 
than actual results were sought. The object its use was obtain 
(by reason its greater specific gravity, which approaches nearly that 


water itself, that water therefore greatly multiplied 
the oil readings) more precise results than were possible with kerosene 
gasoline. Although may used advantage the laboratory, 
was discontinued the field because came rest too slowly. 
Twenty-five calibrations have been made, various times and 
temperatures, which, observed, are presented Fig. 20, but 
table has been prepared giving values for each temperature. 
The first twenty these calibrations, and those kerosene 
1898, were made using two reservoirs made from 2-in. iron pipes 
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carefully turned off their tops lathe and fastened parallel 
positions board, and having common inlet and separate outlets 
the bottom, any all which could shut off. The gauge 
calibrated was connected the outlets the two reservoirs. The zero 
was obtained equalizing the columns when the two reservoirs were 
level and the water flowing freely over the tops each, and these 
brought rest shutting off the inlet. The difference head was 
then obtained lowering the water one reservoir and measuring 
CALIBRATION MERCURY 


Let gr. water. 


air 


p= 
(1) 
(2) 
the weight air neglected 
(3) 


let observed. 
mercury 


21. 
its fall float consisting glass test tube loaded with shot and 
carrying scale which was read across straight-edge. The results 
would evidently less accurate than those obtained the method 
used with kerosene, already described. 

the autumn 1897 arrangements were made for cali- 
brating the mercury that had been used previously the various ex- 
periments. Gauge No. was connected with 3-in. hose, which was 
led the outside the building and attached glass tube 
about fastened vertically the wall. Water was supplied 


red 
ons 

1er 
ain 
hat 

ene 
and 
pes 


through hose from second-story basin tap, and the corresponding 
heads mercury the gauge recorded for various heights water 
the glass tube. 

Difficulty was encountered, however, (1) way was provided 
for balancing the mercury columns with two columns water reading 
zero, and thereby proving that the entire apparatus was perfect 
working order, although when the equalizer the gauge was applied, 
reading nearly zero was generally obtained; (2) the water re- 
ceived from the tap contained large numbers minute air bubbles, 
which were supposed settle out the glass tube before readings 
were taken. 


8.50 
Deg’s Fahr. 
22. 


all, twenty-two series were taken, when was found that the 
general average the results obtained gave the mercury experimented 
upon specific gravity above that pure mercury. was then 
too late the fall continue the experiments, and, since then, has 
been thought necessary construct new apparatus. 

January, 1901, the mercury which had been used was divided 
into two samples and tested the experimental department the 
laboratory Parke, Davis Co., Detroit, and the specific gravity 
each 60° Fahr. found 13.571, which value has been used for 
reducing the mercury gauge observations. 


Fig. shows the principle which mercury indicates the differ- 


+ 
9,00 
8.90 
8.80 
8.70 
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ence pressure between two columns water. the air 
does not exist actual field practice, Equation (3) shows the equiva- 


the diameters the tubes will not change the ratios here given. The 


cubical expansion mercury taken 0.0001 per degree Fahrenheit, 
and Table No. are given the values for in. 
each degree temperature. 


TABLE No. 


SPECIFIC SPECIFIC 
GRAVITY. GRAVITY. 
fer- er- 


Reduction Observations. 


Correction for Diameter.—In order reduce observed results 
the same nominal size pipe the same basis comparison, 
correction should made for variations diameter, and determined 
follows: 


diameter any other pipe 
area pipe diameter 
H,= frictional loss pipes diameter unit length 
frictional loss pipes diameter d,, unit length 
discharge for all diameters 


| 

= | 


| 
a 
) 
2 


Assume, for small changes diameter, ¢,, then 


d 2 
but 


Substituting for and and reducing, 


h, 


5 


From the last equation seen that the frictional loss pipes 
proportional the fifth power their diameters when constant, 
not otherwise; from which follows that for constant loss head, 
Owing the method derivation, this relation between 


true only for conditions which the value the 
Chezy formula remains constant. 


(Chezy formula.) 


or, 


Description Line. 


Conditions.—The line 30-in. pipe experimented upon about 
mile long, and was laid 1896-97. The route was selected conform 
approximately contour line ft. above the mean surface the 
Detroit River, and, the same time, avoid paved streets much 
possible. 

The line located contained ten 90° turns, alternately the right 
and left. 

The maximum depth cover was and the minimum depth 
ft. ins., the pipe being laid level grade. 


12" Blowoff, connected to Sewer 
operated while experimenting, 
42 x 12"Y. 
42x 30" Tee 
30" Gate and By-Paas,closed. 
Flow 42"Main CANFIELD AVE. 
42°Gate, 175 turns, y-Pass, 6 Gate,closed 779 “6 "Gate, closed. 
27 turns, operated while 30 6c 
experimenting. 36 Gauge conn, 
N.Alley E. of 8t.A. Tangent; 
641.80 ft. 


6 "Gate, closed Nb 6 Gate, closed. 
30 x 6 Cross. 


ST. ANTOINE 
ST. 


4 


30 x 6 Cross,.' 
6 Gate, closed. 


30Gate. 


§.Alley E. of St.A. Tangent,-»< 
143,10 Ft. Gauge conn, "Gate. W"Gauge conn. 
Alex, 
10’ Radius curve. 


4/N, Rivard 
30 Gate. 
Hydrant. 


6 Gate,closed. 


astings St.(single track, 
RIVAR DSTy, 


ILLINOIS ST. 


Alley E, of St. Antoine. 


8 Gate, closed. 130 x 


PIPE LINE FROM CANFIELD SCOTT ST, 
8 Gate, closed. 


DETROIT WATER-WORKS. Gauge conn: ' 
NOTE. ALL SECTIONS CONTAINING CURVES, 200 FT. LONG, Rad. BRADY 
EXCEPT AT ORLEANS AND SCOTT, 162.25 FT. 80 x 10°Y. SPLICE Short.compound 
° 
8 Gate, closed; 30 Gate. 
bated 25 ‘Radius curves 40’ Radius curve 


RIOPELLE ST. 


ORLEANS 


HALE ST. 
60’ Radius curve Long curve. 
30 x 6'Cross 234.9277 
6"Closed Gate 
Gauge conn: curve. 
6 Gate. not used 
jauge conn. 


30"Gate, 
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eS 
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Surveys.—An accurate transit line was run over the route selected, 
before construction was commenced, and all points intersection 
were carefully set and preserved during the work. The pipe was laid 
nearly these lines could done with the eye, being possible 
obtain accurate alignment for water pipe between certain points 
for railway tracks, the same care All horizontal meas- 
urements were made with new 100-ft. steel tape the best quality, 
which was not broken repaired during the entire work; other 
tape was used. All angles experimented upon were made exactly 90°, 
the very slight deviation therefrom being provided for the joints 
the junction the 30-in. and 42-in. lines beyond the last section experi- 
mented upon. 

was decided lay curves different radii, and make pro- 
vision for observing the loss head each. The pipe line com- 


pleted shown Fig. 23, and the net lengths tangents and curves 
are shown Table No. 19. 


TABLE No. 19. 


curve 

curve 

90°—60-ft. radius curve. 

Riopelle 
90°—40-ft. radius curve. 

Rowena St. 

90°—25-ft. radius curve 

Russell tangent 


small compound curve 

90°—15-ft. radius curve 

90°—10-ft. radius curve 
Alexandrine St. tangent........ 
90°—6-ft. radius curve 

Alley tangent 


total length Scott St. tangent, laid 1880, 1991.2 ft., more less, which 
only 12.42 ft. are included experimental work. 


Levels.—To establish bench-marks, line precise levels was run 
from Detroit” the foot Mt. Elliott Avenue, and 
along the proposed route, returning the place beginning, total 
distance miles, with closing error 0.031 ft. After the pipe 
was laid and the joints caulked, but before covering, levels were 
taken the top each individual piece pipe, curve, special 


casting, near the spigot end. For this purpose 15-ft. self-reading 
level rod was used. 


73.58 
441.17 
136.79 
880.19 
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all, 481 elevations were taken the pipe, the maximum 
elevation being 621.30, and the minimum 620.78 ft. above mean tide 
New York Harbor, making the difference elevation between the 
highest and lowest points 0.52 ft. such variation elevation 
exists any one experimental section, attention called Column 
10, Table No. great care was taken laying, there only 
very slight difference elevation between any two consecutive 
lengths. 

Diameter Pipe.—The diameter each 12-ft. length pipe was 
measured eight places, the measurements being taken pairs 
right angles each other, each end, and distance from each 
end far could conveniently reached (usually about ins.) and 
read. For this purpose 2-ft. two-fold, boxwood rule, having 


12-in. brass caliper sliding one leg, and graduated inches and 
sixteenths was used. 


The open rule was firmly grasped near the center and one end 
placed against the pipe, when the slide could extended move- 
the thumb and slightly waved find the greatest diameter, 
where was read without removing. this manner, diameters could 
taken quite rapidly, one man calipering and another recording. 
Curves, short pieces pipe, and special castings were also calipered. 
all, more than 600 diameters were measured. Table No. shows 
the method keeping the notes. 


BELL. 


Length. Weight. Remarks. 


End. Dist. End. Dist. |Diam. 


TABLE No. 20. 


Columns and Table No. give the mean, maximum and 
minimum diameters for each section experimented upon. 

Description pipe used the construction the line 
was ordinary cast-iron water pipe. The straight pipe was cast con- 


No. 
pipe. 
3 1 


Curve, ft. 6.54 
92.15 
Tangent. Sleeve open ins. 3-30 10-in 
Gate. 2-30 10-in. Y’s 
200.00 
Curve, 90°-6 ft. 9.42 
195.89 
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oO 
TABLE No. 21. 
Max. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Curve, 15°-90 ft. 
“ “ | Gate. 30 380-in. 
15°-15 3.93 Sieeve open 4} Ins... 
Length excess design ... 
200.00 
Curve, 90°-60 ft. 
68.58 
Curve, 90°-40 ft. 
Curve, 90°-25 ft. Sleeve open ins. bet. 29.910 29.688 164 0.18 
o 


am (997. amantala 


80.168 


29.750 


q 
q 
; 
{ 
4 
q 
‘ 
‘ 
: 
— 
| 
i 
— 


form nearly possible with the dimensions shown Fig. 24, the 
weight averaging about 750 for each 12-ft. length. After being 
thoroughly cleaned, each pipe was heated over fire closed apart- 
ment about 350° Fahr., and was then dipped coal-tar and allowed 
remain about one minute, after which was removed and allowed 
cool. was then subjected water pressure 200 per square 
inch. The interiors the finished pipe were quite smooth, the coating 
having glassy shiny appearance. 

The design for the bells curves was the same for straight pipe, 
the body the curve having thickness After being 
thoroughly cleaned, they were painted with two coats graphite 


Inside Diameter 
paint. The and 15-ft. radius curves were not smooth ordinary 
pipe, and, although dressed off fairly well, still contained many rough 
spots. One the 6-ft. radius curves showed crack during the test 
the ditch, but was repaired with two wrought-iron bands. Two 15-ft. 
radius curves were condemned the ground becanse blow-holes. 
The and 90-ft. radius curves were somewhat better, but were rougher 
common pipe. The and 60-ft. radius curves were good cast- 
ings, and were fully smooth the ordinary pipe, while the 40-ft. 
curves were still better. One form roughness, chiefly apparent 
the 90-ft. radius curves, was caused the contraction the cores 
between the core ribs, thus forming depressions rings about in. 


SECTION OF BELL, 30-INCH CAST-IRON PIPE 
VS /' 5 
\ 1 | 
\ 
1 
\ / q 
\ / | | 
\ / 
\ A / 
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40-ft. 
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deep extending for about 120° around the pipe. These depressions 
were from ins. apart, but had abrupt well-defined edges. 

After the line had been use few days, the sixth piece the 
60-ft. radius curve cracked near the bell, and was repaired cutting 
straight pipe. 

The radius the curves 
was checked series 
the chord, 
shown Fig. 25, and the 
interior side compared with 
template. The variation 
from the designed radius was 


affect one these measurements in., therefore corrections 
have been made for it. 

Pipe Laying.—Pipe laying was begun October, 1896, and com- 
pleted January, 1897. The soil yellow clay, well drained. The 
trench was usually ft. wide top (in few cases ft.), and was first 
excavated nearly grade, stakes were set approximately ft. apart 
near the top the trench, levels were taken top them and the 
cutting calculated for each stake. fast necessary, stakes were 
set the foreman the bottom the ditch the proper eleva- 
tion for the bottom the pipe. means these, 15-ft. straight- 
edge and hand-level, the bottom was dressed up, bell-holes were 
dug, and the pipe lowered its proper elevation. Either one 
two derricks were used, any case great care being taken lower 
the pipe gently, but, became necessary, blocks different thick- 
nesses were placed under the pipes bring them their proper eleva- 
tion. The joints, which were all made the trench, were packed with 
hemp, leaving space about ins. depth for lead which was run 
and caulked. Small sewers and water pipes were the only obstruc- 
tions met, and these were either raised lowered, 
permitted. All pipes and curves were tested* the open ditch, 
before covering, for hours with pressure lbs. per square inch, 
and order allow back-filling proceed rapidly possible, 

The testing all pipe the open ditch pressure least twice great 


expected bear, practice introduced these works 1893 one the writers 
and applied all pipe laid since that time. 


2 
3. 
ie 
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testing boxes were placed where needed. After being used, but before 
covering, 2-ft. length 30-in. pipe was adjusted the testing box, 
(Fig. 26), line with the pipe either direction and concrete packed 
around before bolting the cover. The frictional loss the 
testing boxes should not, therefore, exceed that equal amount 
straight pipe. 

All gates used this line were made the Michigan Brass and 
Iron Works, and are their standard, parallel face, 30-in. horizontal 
pattern. The disc made halves, which are forced apart wedges 
when nearly position, seat. When open, the disc was generally 
30-INCH TESTING BOX. 


Concrete 


Piece of 30\in. Pipe 


Concrete. 


LONGITUDINAL SECTION TOP VIEW 


26. 
flush with the seats, and only one two cases did the end the 
stems project into the clear opening when the gate was open, and 
then in. All gates were operated before laying. 4-in. by- 
pass, set horizontally, and operated with hand wheel, placed over 
the gate, and during the experiments these were open except when 
closed make shut-off. 

the design the work blow-offs were provided for 
draining the sections line between each pair gates, each being 
connected the sewer. Two these blow-offs, being those draining 
the last two sections, were arranged with special nozzles, one 9.216 


| i 
| 


the 
and 
by- 
over 


for 
being 
aining 
9.216 
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ins. diameter and the other 7.215 ins. These nozzles were tapered 
and were turned out and carefully calipered. They were set dis- 
charge into sewers such way that was hoped they might used 
measure the flow, but few trials immediately after construction 
showed the discharge somewhat obstructed, and as, addition 
the resulting uncertainty, would impossible supply any 
territory through the line during experiment, these blow-offs were not 
used, first intended, measure the water, but simply cause such 
velocities were desired the pipe during the experiments. The 
larger blow-off was the extremity the new line, and the smaller 
one the middle the tangent between the 10- and 6-ft. radius 
curves. 

experimental purposes, the line was 
divided into lengths, given detail Table No. 21. order 
compare results, enough tangent was included with each curve 
make the total length section 200 ft., measured the axis the pipe, 
the remainders the tangents having odd lengths. The curves were 
divided into two parts 45° each; the length curved pipe was 
computed, and sufficient length tangent added make 100 ft. 
either side the center curvature. 

After the tangents were laid, but before the curves were put in, the 
correct computed distance, depending upon the radius curvature, 
was carefully measured from the point intersection the tangents, 
and marked the inside the pipe. each point marked 
hole was drilled the top the pipe hand, from the inside, the 
drill being held vertical position, point up, special saddle, 
leveled with spirit level. this manner sharp square edge the 
inner surface was obtained. 

Each hole was threaded from the Payne tapping- 
machine cock inserted and screwed down. The driller remained the 
inside the pipe assured that the cock did not project, and also 
carefully paint the exposed surface the iron. lead con- 
nection was carried from the cock point within the curb and pro- 
vided with stop and waste cock, cast-iron box and wrought-iron stand 
pipe for hose connection all shown Fig. 16. 

few places the lead pipe was carried into gate-well, 
the cock came within well and required lead pipe. 

addition the vertical piezometers the ends each section, 
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Gauge No. Kerosene. 
Gauge No. Kerosene. 


200 Fr. 200 
Gauge No. Kerosene. Gauge Kerosene. 


A. M. 
Full open. Closed. 11.00 11.61 


17.53 


Gauge No. Kerosene. 


RIVARD AND ALEXANDRINE Curve, 


TANGENT, 212.25 Fr. 200 

Gauge No. Kerosene. Gauge No. Kerosene. 
AND RIOPELLE St. CURVE, 

200 ORLEANS AND HALE St. 200 

Gauge No. Kerosene. Gauge No. Kerosene. 


Gauge No. Kerosene. 


20.01 


[Papers. 
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June 12, 


May 30, 1898. 


June 


June 11, 1898. 
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Canfield 
12-in. blow-off. 10-in. blow-off. 


TABLE No. 22. 


(5) 


Fahr. 


(4) (6) 


Hastings 
Gauge No. Kerosene. 


Full open. 


Closed. 


200 Fr. 
Gauge No. Kerosene. 


67° 8.18 


Gauge No. Kerosene. 


Gauge No. Kerosene. 
1.35 


Closed. 
Full open. 


20.320 
19.550 


TANGENT, 212.25 Fr. 

Gauge No. Kerosene. 


8.150 


M. 


Avg. read. 


Fahr. Time. Avg. read. 
(7) (8) (9) 


200 Fr. 

Gauge No. Kerosene. 


20.60 


Gauge No. Kerosene. 
10.485 


16.90 


Gauge No. Kerosene. 
18.50 
10.64 


Gauge No. Kerosene 


8,38 
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Gauge No. STREETS (IN AVENUE, 
sene. OBLIQUE 

CENTER. 


P. M. 


12.00 -12.15.40 


[Papers. 


Gauge No. 
diam., 6-ft. 
radius curve, 
Alexandrine 
Ave. and Alley. 
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TABLE No. 


Condition Waste Gates. 


Canfield 12- 
blow-off. 


. 


(12) 


Hastings 10- 
in. blow-off. 


Full open. 
Closed 


STREET TAN- 
GENT. 212.25 


Gauge No. kero- 


sene. 


-10.00 
10.12 
10.25 -10.40 
11.38 
11.49 -11.56 


0531 


3 


. 
. 
. 
. 


RIVARD 
STREET TANGENT, 


CENTER HASTINGS. 


184.10 


Gauge No. 
sene. 


kero- 


oe COCO DDD 


0.18145 


(22) (23) 


(24) 


415 
a: 


19, AND BRADY RIVARD AND ALEXAN- 
1898. STREETS, COMPOUND DRINE Ra- 
200 Fr. 200 


Gauge No. Kerosene. Gauge No. Kero- 


P. 


@ 


eee 


a 
mM 


SS 
. . . . q 
q 
q 
oe . 
fo . ? 


417 


EXPERIMENTS FLOW WATER PIPES. 


ay 


TABLE No. 
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June 18, 19, 


Condition Waste Gates. 


(26) 


Canfield 
blow-off. 


“ 13 T. 


(27) 


Hastings 
10-in. blow-off. 


Full 


“ 


Open 


Avg. read. 
(33) 


Avg. read. 


Time. Avg. Avg. read. 
(32) 


(30) (31) 


STREETS, CENTER, LE-| CENTER, Hast- 
POUND CURVE, LAND AND INGS AND ALEXAN- 


AND RIVARD 
Ra- 


CURVE, 200 Fr. STREETS. DRINE STREETS. 
Gauge No. Kerosene. Gauge No. Kero- 
sene. 
10.41 -11.00 1.478 (0.717) 
11.40 -11.54 8.267 2.875 0.633 
1.04 - 1.25 8.586 7.400 1.5671 
1.30 - 1.52 10.636 (9.727) 2.1246 
1.58 2.08 12.562 10.625 
2.08 - 2.15 12.600 10.793 (1.793) 
2.21 - 2.42 14.865 12.622 2.936 
246 - 2.52 16.800 14,100 8.2500 
2.55 - 8.11 17.539 14,798 3.4734 
8.114- 3.194) 18.618 15.621 38.697 
3.20 - 3.28 19,394 16,383 8.803 
98.40 8.55 17.168 4.118 
3.60 — 4.06 20.200 4.063 
4.07 - 4.154, 19.983 16.578 4.04118 
4.18 - 4,35 18,657 15.756 3.738 
4.40 - 4,50 16,440 14.002 3.2842 
4.05 — 5.02 9.940N 8.173N 2.097 
61° 5.08 - 5.08 (9.650) | (11,895) 2.218 
5.90 — 5.48 | 10.697 2.236 
944 6.00 11.625 | 9.462 2.0175 
6.05 - 6.18 8.227 | 2.334 1.5972 
6.28 - 6.48 6.840 | 5.815 1.199 
AND ALEXAN- 


‘ 
| | 
> 
| 


Aug. 13, 14, 162.25 Fr. AT| CENTER 
1898. Gauge No. HASTINGS INGS AND ALEXAN- 
Gauge No. Kerosene. Kerosene. STREETS. DRINE STREETS. 
10.50 -11.08 1.496 0.348 
2.502 0.5352 


A. M. 


ORLEANS AND 


[Papers. 
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TABLE No. 22—(Continued). 


Condition waste gases. 
(34) (35) (36) (37) (38) 
Canfield Hastings 
Open Closed. 
“ “ 3i 


Avg. Read. 
(39) 


(40) 


Time 
(41) 


SELL STREETS, 25-| CENTER 
Fr. 


Avg. 


200 
Gauge No. 
Kerosene. 

2.20 -2.25 6.782 
-2.84 ...... 
-2.49 10.741 
2.55 11.259 
8.07 18.296 
8.21 14.765 
18.079 
3.52 
10.0786 
4.11 -4.19 7.909 
5.700 

5.05 -5.28 
5.40 -5.50 
5.55 -6.05 5.712 
6.07 -6.16 6.674 
6.18 -6.24 7.662 
6.30 10.209 
6.36 9.918 
6.48 -6.54 7.804 
6.58 -7.02 4.717 
2.712 


Avg. Read. 


(43) 


INGS STREET. 


Avg. Read. 
(44) 


No. 
OBLIQUE REVERSED 
HASTINGS 
STREET. 

many varia- 
tions that 
readings were 
taken. 


CENTER LELAND 
STREET. 
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TABLE No. 22—(Concluded). 


Condition Waste Gates. Time. Avg. read. Avg. read. 


(58) (59) (61) (62) 


Canfield Hastings GENT, 292.23 GENT, 234.92 CENTER, SUPE-| CENTER, 


12-in. blow-off. 10-in. blow-off. Gauge No. Sperm Oil. Gauge Sperm| STREET. INGS STREET. 
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No. 
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Aug. 
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TABLE No. 


Condition Waste Gates. 


(46) 


Canfield 
12-in. blow-off. 


Closed. 
Open 


“ 
“ 
“ 


“ 
“ 
“ 
“ “ 
“ 
“ “ 


ALEXANDRINE 
AVENUE TANGENT, TuBE No. TuBE No. 
CENTER, 
INGS STREET. 


Hastings 
10-in. blow-off. 


Closed. 74° 


Time. Avg. read. 
(49) (51) 


STREET TANGENT, 
212.25 Fr. 


Gauge No. Sperm Oil. 


P. M. 
9.11 9.31 

11.05 
11.11 -11.17 
11.25 
11.38 
11.45 -11.48} 
11.49 -11.52 


A. M. 
12.01 
12.13 -12.19 
12.20 -12.30 
12.31 
12.40 -12.50 
12.55 1.06 


SELES 


71° 
“ 
eee 


| 


Closed. 


3.25 3.36 17.800 


Avg. Read. 


(52) 


645.50 
Gauge No. kero- 


sene. 


Avg. read. 


(53) 


216 
.81 5.400 
.96 4.0893 
295 8.155 
832 2.982 
2.762 
2.204 2.203 
2.147 2.248 
1 R52 


CENTER, 
LAND STREET. 


Avg. read. 


(54) 


2 


aan 


o 


AT 


“ey 
7 


422 EXPERIMENTS FLOW WATER PIPES. 


taps were made from the inside the horizontal diameter the 10, 
15-ft. and small compound curve, angle 55° from the beginning 
the curve, measured the direction flow. These cocks were level 
the center the pipe and opposite each other. 


Experiments 1898. 


Conditions.—The first experiments were made during the summer 
1898, the general plan operation being first close all side gates 
along the line, thus insuring equal flow through its entire length. 
Differential Gauges Nos. and were then observed simultaneously 
different sections obtain the relative resistances each, while 
the velocities were varied desired, and measured Pitot tubes 
either the center traversing. 

majority the experiments was conducted night, order 
obtain, nearly possible, uniform temperature conditions well 
the greater range velocities permissible night, when domestic 
consumption was minimum. 

Preliminary Series.—The preliminary work was carried under 
conditions practically constant flow, and seemed indicate that 
curves long radius offered more resistance the flow water than 
those short radius, the resistances being, relatively, follows: 


Section 200 ft., containing large compound curve, 15.81 kerosene. 


The Second Series.—These results, however, were contrary ac- 
cepted theory and practice that more comprehensive and more accur- 
ate series experiments was conducted covering different velocities 
which were measured means the Pitot tubes. 

The readings observed were plotted with the times abscissas and 
the gauge readings ordinates; from this graphical log, periods 
varying lengths were selected during which the velocities remained 
apparently constant, and then the readings were averaged for each 
period. Plate fair sample one the logs thus obtained, 
and Table No. gives all averages obtained, with the date, tempera- 
ture (where observed) and the condition blow-off gate. 

Reductions: Value all errors are eliminated from the work, 
assumed that V", or, for logarithmic plotting the 
ordinary method, log. log. log. 


q 


PLATE 
PAPERS 

MAY, 1901. 


SCOTT ST. CURVE. 
2 4 ‘8 TUBE NO. 5, GAUGE NO. 5 ON CENTER AT HASTINGS AND ALEXANDRINE. 
& 2s 4 TUBE NO. 3, GAUGE NO. 8 TRAVERSING AT ROWENA AND RIOPELLE. 
aS, s 4 x NOTE:- LOG. OF TUBE NO. 8 OMITTED OWING TO DISTORTION OF TRAVERSE CAUSED BY PRECEDING CURVE. || 
es 
er 


the 


2 2:20 2:30 3.00 


200 2:10 240° 2:50 3:10 3:20 3:30 3:40 3.50 4:00 4:10 4.20 4:30 4:40 4:50 5:00 5:10 5.20 5:30 5:40 5:50 6.00 6:10 
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determine the value the series taken the night 
August 1898, comparing Section XIII, 15-ft. radius 
curve, with Tube No. the center Hastings and Alexandrine, 
has been selected the one least likely contain errors any kind. 


TABLE No. 20th and 21st, 1898. 


center Hast- 
operated 
Kerosene. 
(1) (2) (3) (4) (5) (6) 
2.310 9.364 0.60350 0.777 1.135974 0.055 
8.267 0.514 0.88214 0.912 1.333344 0.123 
4.823 0.683 1.25800 1,121 1.688902 0.215 
6.402 0.806 1.72800 1.311 1.916682 0,283 
8.586 0.934 2.84050 1.529 2.235398 0.349 
10,636 1.027 2.76440 1,662 2.429844 0.386 
1.099 1.829 2.673998 0.427 
12.600 3.38000 0.430 
14,865 1,172 8.96900 1.990 2.909380 0.464 
16.800 1.225 4.44160 2.107 3.080434 0.489 
1,244 2.156 3.152072 0.498 
1,288 5.24700 0.525 
1.260 4.87500 2.208 0.509 


rating Tube No. (0.75) and the ratio (0.84), the multiplier 


reduce the square root reading center observed with Tube No. true mean 
velocity 


The observations and necessary reductions are given Table No. 
23, and the plotted results Fig. 27, from which the value 
found 1.98. 

The value nearly that may said, without material 
error, that but therefore, for purposes com- 
parison, may safely assumed that The values and 
(Table No. 23) are plotted Fig. and, near the eye can 
judge, the locus straight line. 

Reductions: The Straight-Line series points plotted 
this manner falls straight line which passes through the origin, 
willequal the straight line points does not pass through 
the origin, its equation becomes and when plotted 
logarithmically curve will result. For small values the 
curvature slight not easily detected, and usually over- 
looked, although may sufficient cause considerable variation 
the second decimal place the value 

the 1898 experiments the flow water through the pipe line 
was never completely stopped. Therefore, observations were 


— 

4 

i 
= 

2 

Ae 


15 Ft. Radius Curve, Hy. 


Water. 


' Log.Inches Kerosene. ; Inches of Water H,, at Cr. 
Log.H p75 radius Curve, Tube No. 5, Hastings and Alexandrine. 
— center readings.— 


27. Fic, 28. 


Alexandrine Tangent. 


Compound Curve., 


Inches of Water 

Inches Sperm Oil, 72° Fahr. 


Brady St. Tangent. 


29. 30. 
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Hale South 


Rowena Tangent. 


2 
Inches of water. 1 2 
Pitot Tube No. Hastings and Alexandrine. Inches water. 


July 1 


zontal Diameter 


6 ft. Radius Curve, 55“Angle. 


Rowena St. Tangent. 


Difference in pressure on Hori 


Inches sperm oil. 


6 8 10 12 14 16 18 20 22 % 26 28 0 2 4 6 8 10 12 14 16 18 2 
Inches Kerosene. Inches sperm oil. 
East Alexandrine Tangent. Hale St. Tangent. 


Fie. 33. 34, 
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June 24,25, 1898. 


a a 


SNIPBY 09 


10 12 14 16 18 20 22 


246 8 
Inches of Kerosene 


0 


JO somouy 


0 


Inches of Kerosene. 


1st. large Compound Curve. 


Brady St. Tangent. 


Second large Compound Curve. 


Inches of Kerosene. 


BAIN) SNIPCA 09 


2,1898, 


40 Ft, Radius Curve, 


June 1 
No air chamber used. 


2 4 6 8 10 12 14 16 18 2 2 


Inches of Kerosene. 


0 


S 


JO 


37, 


| | | igs 
} | | o | | | | | 
_— “0 2 4 6 8 10 12 14 16 18 20 22 2% 6 i 
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st 19, 1898 


Inches Water 


“34 OF JO Soyouy 


Pitot Tubé Center Hastings 


and Alexandrine. 


Brady St. 


Fie. 40. 


39. 


15 Ft, Radius Curve. 


15 Ft. Radius Curve. 


42. 


20, 
a 6 
£10 L | Be |_| LA 


10 Ft. Radius Curve. 


Inches Kerosene 
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10 Ft. Radius Curve, 


= 


Inches of Kerosene 


2 4 6 8 10 12 14 16 18 0 2 6 8 10 12 4 16 
Inches of Kerosene -Inches of Kerosene , 
Small Compound Curve. 6 R. Curve 


43. 44. 


made determine the initial error which generally present 
differential gauge readings under condition flow, shown 
later work. Such error may have existed the series selected, 
and, such was the case, the average line should moved parallel 
itself until passes through the origin, and the value would 
then instead 1.98 found. thus seen that the value 1.98 
limiting rather than actual value, and that the true value 
probably approaches 

The straight-line method reduction has the great advantage 
eliminating all initial errors which may exist, for, H,« the 
average line, representing observed points, should pass through the 


origin, and fails its distance from the origin represents 


the initial error, which, however, does not affect the slope the line. 

will shown, later, that initial errors exist and must 
eliminated order reach correct conclusions. For these reasons, 
and because the ease its application Pitot tube readings, which 
are observed velocity head (H,), the straight-line method has been 


. 
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adopted reducing all 30-in. data. The average straight line 
computed first obtaining the average center gravity all 
accepted points, thus dividing the series points into two parts, 
upper and lower. The center gravity each portion then 
found, and the three points thus computed will fall straight line 
errors have been made computations. From the co-ordinates 
these points the equation the average line computed. This 
method averaging has been used the writers large number 
experiments, and much more satisfactory than the method 
averaging eye with the aid fine thread. involves much less 
labor than the method least squares, and, with the exception that 
does not give the probable error, fully satisfactory for straight- 
line loci. 

Reductions: Diagrams.—The observations given Table No. 
have not all been used the reductions here given, but are published 
taken the course the experiments. Figs. inclusive, 
show the series which have been selected the writers, from their 
familiarity with all the conditions, least likely contain error, and 
adapted show without exaggeration the phenomena investigated. 
The diagrams are generally self-explanatory, and illustrate glance 
the accuracy the observations plotted. 

Without entering into detailed description each diagram, the 
equations obtained from them are summarized Table No. 24, 

Reductions: Relative Equations.—In order reduce all results 
the same basis for comparison, the equations obtained from the 
diagrams are combined obtain the ratio each experimental 
section, simultaneously observed the Brady Street tangent. 
The results are shown Columns inclusive. Column gives the 
multiplier reduce the Brady Street tangent the 
corresponding section pipe observed without correction for 
length. Column shows the results corrected uniform length 
There apparent cause for the increase frictional 
resistance Hale, Rowena, and Brady Street tangents, respectively, 
for these three tangents contain special castings; the average 
diameters are nearly alike that the variation may neglected and 


they are located relatively the same with respect length and 
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The presence specials the North Rivard Street tangent evidently 
causes considerable increase the frictional resistance, and the 
East Alexandrine Street tangent corresponds very closely the 
Brady Street tangent. The results again persistently show that the 
curves long radius offer more resistance the flow water than 
the curves short radius. Some the curve sections, however, 
contain gates and special castings which, the results North Rivard 
Street tangent prove, have appreciable effect. This fact, together 
with the unaccountable increase resistance between the first three 
tangents, made seem the writers desirable extend the investiga- 
tions further, and general deductions will made until the experi- 
which follow have been described. 


Experiments 1899. 


experiments made June, 1899, were conducted 
the day time. more easily connected and read 
daylight than night, and the presence leaks air the con- 
nections more likely detected. Day work has the disadvantage 
greater variation temperature, and this case was not 
possible obtain high velocities the previous experiments 
which were conducted night. The line was thoroughly flushed 
remove sediment before beginning experiments. 

Plan Work.—Gauges Nos. and were filled with kerosene and 
water, the oil being the same grade, taken from gallon can which 
was filled before beginning the work, and was sufficient quantity 
allow the gauges refilled several times during the experiments, 
and afterward calibrated. Each day, Gauge was placed 
the Brady tangent and was read and every seconds, from 
the time beginning the morning until the closing down night, 
except for short time for lunch. Likewise, Pitot Tube No. with 
Gauge No. filled with air and water, was set angle 45° with 
the vertical, with the point the the 30-in. pipe, 2.83 ft. 
east the 30-in. gate, and the gate-well Alexandrine and 


Hastings Streets, and was read and recorded every seconds from 
about 9.00 until about except for short intermission 
for dinner. 


Differential Gauge No. was moved about from section sec- 
tion, and, the course the work, covered all the curves and tan- 
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No. 


OBSERVED 


Cr. Hastings 
Cr. Hastings 
Brady Tan.S 
Brady Tan. 72° 
(5) Hale 
Cr. Hastings 
(6) Rowena Tan. 
Cr. Hastings 
Alex. Tan. 
Hor. Diam. 
Rowena Tan. (S.) 


(9) Rivard Tan. 

Brady Tan. (K.) 

(10) 1st Comp. 

(4) 40’ R. (K.) 

(K.) 


(18) Brady Tan. (K.) 
(K. 78°) 


Hastings 


(3) 
8.7215 


0.1525 
4.3311 
2.9947 
1.3439 
0.9729 
0.9427 
1.1311 
1.0637 
1.3911 


4.6710 


TABLE No. 24. 


— 


Experimental Section. 


Location. 


(5) 
Orleans and Scott Comp. C....... 


Orleans and Hale 
Hale Street Tangent.............. 
Hale and Riopelle, C....... 
Riopelle and Rowena, 
Rowena Street Tangent........... 
Rowena and Russell, 
Russell and Brady Small 
Brady Street Tangent............. 
Brady and Rivard, 
North Rivard St. Tangent........ 
Rivard and Alexandrine, 
East Alexandrine Tangent........ 


Equations 
combined. 


(6) 
(10), (11), (18) 


(11), (12), (18) 
(5), (4) 
(18), (11) 
(18) 
(6), (4) 
(14), (4) 
(2), (4) 
(1), 
(9) 
(17), (2), (4) 


(2) and (4) 


correc 
Computation, Ratio. for 
length. 
1.1811 
1.4782 
0.1525 
0.7109 
5.8103 X 0.1525 _ | 4.2464 0.8580 
0.7109 
4,815 
0.7109 4.881 
0.7109 4.881 
1.0341 


: 
im 
: 
q 


gents from the beginning the end the line, except the Brady 
tangent, which Oil Gauge No. was located. Owing the fact 
that the main was supplying the north and northwestern parts the 
city, and that the work was being carried hot weather, when the 
demand for water was great, was impossible close down the line 
except for few minutes; and, during that interval, the affected part 
the city was supplied, through small pipes and from adjacent mains, with 
limited quantity reduced head. The cooler brewery 
located the corner Alexandrine and Hastings Streets could 
observed, and, long sufficient pressure existed the side lines 
supply that with plenty water when the 30-in. pipe was shut off, 
could remain closed. 

The different velocities flow through the 30-in. pipe were regu- 
lated and maintained manipulating the 42-in. gate and its 8-in. 
by-pass the east side St. Antoine Street Canfield Avenue, and 
wasting into the sewer through the 12-in. blow-off the alley east 
St. Antoine Street and Canfield Avenue. 

The work required the services least Each morning 
the watches were set alike, and comparisons were made before leaving 
night. Whenever was possible, Oil Gauges Nos. and were 
kept shaded either the shadow tree building, under 
umbrella, and thermometer was attached each and read intervals 
from minutes. Air chambers with double hose connections 
were used the Brady tangent when Oil Gauge No. was set the 
curve either end, and June when using Oil Gauge No. 
the West Alexandrine tangent extra air chamber was used Hastings 
Street, order not interfere with the street car service. This 
chamber was set the railway tracks, and was provided with 
air-cock, and two hose connections with shut-off valves. When car 
was seen approaching, both valves were closed, and the short piece 
hose which crossed the track was disconnected and carried clear 
it. After the car had passed, the hose was reconnected, its valve 
opened into the air chamber, and air allowed escape through the 
The air-cock was then closed and the valve leading Oil 
Gauge No. opened. During the observations this tangent the con- 
nection was broken twenty times allow cars pass and only three 
readings seconds intervals were omitted the entire series. 

The hose used each side Oil Gauge No. the Brady tan- 
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gent, consisted ft. hose connected the air chamber, 
then ft. hose, then ft. hose connected the gauge. 
each side Oil Gauge No. when used the curves short tan- 
gents, ft. connected the air chamber, then ft. 
hose, then ft. hose the gauge. the longer 
tangents additional 50-ft. lengths and hose were added give 
the required length, care being taken keep the gauge nearly 
possible midway between the air chambers. 
Table No. gives outline the experiments conducted. 
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June 


Began. 


8-in. 


12-in, 


42-in. 


42-in. 


8-in. 


= 


CO 


10.04.30 


8-in. 


42-in. 


8-in. 
in. 


12-in. 


TIME. 


Closed. 


9.26 
9.28 


8.15.30 


8.24.30 


3.37 
3.56 


9.37 
9.39.30 


9.50.10 


10.30.50 
10.46.30 


11.56.40 


2.58 


4,08 


TABLE 


Condition 
gate. 


Closed. 


Open. 
turns open, 


Open. 
turns open. 


tun 


Open. 
turns open. 
Closed. 


“ 
Open. 
turns open. 


Closed. 


turns open. 
10 “ 


turns open. 
5} 3} 


Open. 

turns open. 
5 25 
5} 5} 
Closed. 


No. 25—( Continued). 


Location Gauge No. Remarks. 


Rowena tangent. 
Began reading, 8.30. 


Stopped reading, 
Russell and Rowena curve, 25-ft. 


Began reading, 11.10. 
Dinner, 12.06 till 12.41. 


Quit reading, 1.01. 
Russell tangent. 
Began reading, 1.16. 


Quit reading, 2.53. 
Russell and Brady curve, short com-|Used air chamber Brady curve, with 
pound. double hose connection. 


Began reading, 3.04. 
Quit reading, 4.06. 
Rivard and Brady curve, 15-ft. 


Quit with open, 42-in. gate 
turns open. 
Used air chamber Brady curve, with 
double hose connection. 


Began reading, 9.00. 


Several complaints short supply. 


Quit reading, 11.02. 
and Alexandrine curve, 10- 
Began reading, 11.50. 


Quit reading, 1.42. 
curve, 6-ft. 


Began reading, 2.38. 


Quit with 8-in. open. 42-in. gate 


Quit reading, 4.18. 
turns open. 
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TABLE No. 25. 


Remarks. 


Orleans and Scott Compound was only partly open. 


Quit with 
open. 


open, 42-in. turns 


Quit with 8-in. open, 42-in. turns 


open. 


TIME. 
sas 
12.10 12.12 Open. Dinner, 12.15 till 12.46. 
12.45 12.49 turns reading, 1.06.80. 
1.50 1.51.50 Open. 
3.01 Closed. Orleans and Hale Compound Curve. 
12.40 12.42 Open. Dinner, 11.50 till 
3.42 Closed. Riopelle and Rowena Curve, 40-ft. 
—_ TABLE No. 25—( Continued). 
TIME. 
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TABLE No. 25—(Continued). 


n 
TIME. 
Condition 
11.20 11.26 turns open. 
42-in. 3.42 3.45 turns open.|Broke connection 
4.23 Closed. Stopped reading, 4.19. 


Remarks. 


Single track street Hastings 
Street, minute service. Used extra air 
chamber and disconnected part hose 
allow cars pass. 


Quit with 8-in. open, 42-in. gate 
turns open. 

Took cross-section pipe with Pitot Tubes 
Nos. and Alexandrine and Hast- 
usual. 
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TABLE No. 


Date. Gate. 


42-in. 
8-in. 
“ 
42-in. 
8-in. 


June 


TIME. 


Began. Opened. 


10.05 
10.15 
10.37 10.40.30 
10.55 10.55.30 
10.56 
11.13.30 11.20 
1.44 
2.19 2.21 
2.39 2.39.45 
2.40 2.42.30 
3.10 
10.41 
10.58 
11.15 
11.30 


11.50.80 11.51.30 


2.20 2.28 
2.46 
3.10 
3.37 
4.05 

10.38 

10.45 

11.03 

11.15 

12.58 
1.01 
1.46 
2.50 2.53 


Closed. 


10.15 


10.18.15 


1.52.30 


1.58 


° gate. 
Closed. 
North Rivard tangent. 
turns open.|Began Reading, 9.55. 
Open. 
turns open. 
Closed. 
South Rivard tangent. 
Open. 
|11 turns open. 
reading, 3.41. Left 8-in. open, 42-in. gate turns 
Closed. open. 
East Alexandrine tangent. 
Open. Began reading, 10.01. 
turns open. 
Closed. Hastings Street specials. 4-in. by-pass 30-in. gate partly open. 
Closed. 
Stopped because fire Rivard 
Open. Street, 1.55 2.42. 
turns open. 
Closed. Stopped reading, 4.10. Left 8-in. open, 42-in. gate turns 
open. 
South tangent, Alley St. 11.04 found leak connection west 
end Brady tangent. 
Open. Began reading, 10.27. 
Closed. Gauges Nos. and acted strangely|Dug up, replaced wrought-iron elbow, re- 
Open. Tried different lengths hose. 
Closed Spent nearly half the day, but could 
Open. not find cause trouble. 
turns open. 
Closed. Left gate open, 42-in. gate 


turns open. 


Stopped reading, 3.57. 
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TABLE No. 26. 


JUNE 1899. 


St. Tangent, 212.25 ft. 
kerosene and water. 


No. readings. 


@ 


Pitot Tube No. Gauge 
Alexandrine and Hastings, 


Orleans and Scott, Comp. curve, 
162.25 ft. 


Gauge No. kerosene and water, 


[Papers. 


a os 

2 

a 


0.923! 1.031 


1,305 
5.314 


JUNE 1899. 


189 


UNE 1899.—Hale 


No. readings. 
Corrected for in- 
itial error 

No. readings. 
Average read. 
inches, water. 


1899.—Orleans Street Tangent, 56.42 ft. 


Curve, 200 ft. 


5.605 


5.245 
5.461 
2.570) 


5.794) 
5.445! 


5.811 014 
5.705| 5.908 
0.000 
874 


5.465 


Cre 


JUNE 1899. —Riopelle and Rowena, 40-ft. Radius Curve, 200 ft. 


Corrected for in- 
itial error 
Corrected result, 

4.030. 


0. 192 0.774 
1.240 4,997 


2.188 


1,422 5.731 
0.000 0.000 
i 9 442 


431 |5.767 
0.000)..... 
0.2160. 870 
0.606 |2.442 
1.481)/5,968 
1.410'5,682 


Gauge 
No. 
(16 
Orleans and Hale, Compound 
Street Tangent, 234.92 ft. 
and Riopelle, 60-ft. Radius Curve, ft. 
JUNE 1899.—Riopelle Street Tangent, 47.88 ft. 
0.000 +0.0 


Corrected result 
4.030. 


Papers 
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Brady St. Tangent, 212.25 ft. 


JUNE 1899. 
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Rowena St. Tangent, 292.23 ft. 


Pitot Tube No. Gauge 
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No. kerosene and water. Gauge No. kerosene and water. 
JuNE 15TH, 1899.—Rowena and Russell Sts., 25-ft. Radius Curve, 200 ft. 
1899.—Russell St. Tangent, 29.17 ft. 
JuNE 1899.—Russell and Brady Sts. Comp. Curve, 200 ft, 
JuNE 1899.—Brady and Rivard Sts. 15-ft. Radius Curve, 200 ft. 
1899.—South Rivard St. Tangent, 667.86 ft. 


|_| q 
)0,0,.000 
06 2.442 é 
00 0.000 
2,208 
7 


TABLE No. 


JUNE 1899. 


Pitot Tube No. Gauge 
Brady St. Tangent, 212.25 ft. North Rivard Street Tangent. center 
Gauge No. kerosene and water. Gauge No. kerosene and water. Alexandrine and Hast- 


ings. 


n oo on 
(34) (35) (36) (39) (40) (41) (43) (44) |(45) 
deg 
JuNE 1899.—Rivard and Alexandrine Street, 10-ft. Radius Curve, 200 ft. 
Alexandrine Street Tangent, 645.50 
JUNE 1899.—Hastings Street Specials, 23.51 ft. 
JUNE 1899.—West Alexandrine Street Tangent, 409 ft. 
+0. 414) 
4.12% 
JUNE 16TH, 1899.—Alexandrine and Alley, 6-ft. Radius Curve, 200 ft. 
0.000 


i 1 
No. 
(46 
128 
129 
130 
131 
133 
134 
135 
14 
1 
1 
1 


Corrected result, 
4.030. 


= 


809 
568 6.319 
418 5.715 
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TABLE No. 


JUNE 20TH, 1899. 


Brady Street Tangent, 212.25 ft. South Alley Tangent, 143.10 ft. Pitot Tube No. Gauge 


Gauge No. kerosene and water. Gauge No. kerosene and water. Alexandrine and Hastings. 


\ 


ent 


kerosene. 60° 


readings. 
Average inches, 
kerosene. 

Equivalent read- 
ing 60° Fahr. 
Corrected for 

initial error. 
No. 
itial error 
No. readings. 
Average read. 
inches, water. 
Corrected for in- 
itial error 
4,030, 


for in- 


~ 
© 
~ 
a 
~ 
wl 
~ 
a 
=~ 
~ 
~ 
a 


i+0.444, 0.459) J +0.300 0.311 | 1.234 
6.36 3.100 


1899.—North Alley Tangent, 641.80 ft. 
—0.524 


12.643 


= 


o 


Pitot Tube No. Gauge 
Alexandrine and 
Hastings. 


gre 


= 


om 
ne 
@ 


Gauge 
Hast- 


TABLE No. 


JANUARY 1901. 


Pitot Tube No. Superior Pitot Tube Hastings Street. Gau 

Street. Street. sene and Water. 


Average read| Average read Corrected ing 
Water. inches. initial error. 
(61) (62) (63) (64) (65) (66) (67) 
Not 
-1.45 169 observed. 1.623 
-2.11 171 1.568 0.456 
178 Traverse. 1.174 0.428 
180 Not read. 0,688 0.488 0.200 


Daily readings were plotted cross-section paper the 
usual manner, and the average readings taken during periods 
uniform velocity given Table No. 26. Plate XVI fair sample 
the daily plotted log observations, read the field. 

Initial Error.—At some period during each series all gates were 
closed down tight, and the gauges read with condition absolutely 
flow, when there should frictional loss, provided sufficient time 
allowed for the establishment equilibrium. Seldom, however, did 
the gauges read exactly zero under such conditions. 

The readings obtained are given Table No. 27. 

The reading the differential gauge was zero four, positive 
seven, and negative ten cases. 

readings were always the same sign, never came zero, 
might argued that these readings represented actual conditions 
the pipe; under the circumstances, however, the only rational 
explanation seems that actual initial error does exist, and 


all observations Table No. have been corrected for the observed 
initial error. 
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Inches of water corrected for initial error 


dat 0.197 


aye.redes 1% 


1 Squasa 


Pitot Tube No. center, Alexandrine 
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TABLE No. 


Length, feet 
Reading, 
kerosene 

Simultaneous 

reading 
Brady Street. 
Kerosene. 
Simultaneous 
reading 
Pitot Tube No. 
Length, feet 
kerosene. 
Simultaneous 
reading 

Brady Street. 

Kerosene. 

Simultaneous 
reading 

Pitot Tube No. 


—9.008 
200.00 
645.50 


The Pitot tube readings, taken with flow, are almost uniformly 
negative, which indicates that either the point read low the side 
high, all the readings were read the same observer. This result 
may due the personal equation error, the fact that the 
columns water the differential gauge did not always vibrate uni- 
formly, one traveling through greater distance than the other. 

the opinion the writers that this condition due the 
pulsations the water itself, which, acting through the orifices 
the side the pressure chamber, tend their impact elevate the 
pressure column. this vibration must present all times, its 
effect may expected constant, and the static readings, 
therefore, should treated initial errors. 

Diagrams.—The ratio between Pitot Tube No. the center 
Hastings and Alexandrine Streets and the frictional resistance the 
Brady Street tangent, computed and shown Fig. 45, 4.0301. 


This ratio derived from experiments 142, inclusive, and holds 
good for all work done 1899. 


Figs. 66inclusive, the resistance observed each experi- 
mental section plotted with the resistance simultaneously observed 
the Brady Street tangent, and also with the readings taken with 
Pitot Tube No. the center Hastings and Alexandrine Streets, 
multiplied 4.0301. The average line computed from both series 


points, thus making the results obtained practically average 
two series observations. 


a 

| | | 


— 


| 


Curve.| 


an 


Rivard) and |Alex 


30 Line 
June 16, 1899, 


Gange No. Kerosene, Brady Tangent, 


Moving, 
No, Gauge No. Cr.at Alexandrine and 


” 


S > 
f F 20 30 40 50 , 50 110 10 20 40 50 120 10 20 30 40 50 10 10 


PLATE 
PAPERS AM. SOC. 
MAY, 1901. 


7 
392 


EXPERIMENTS FLOW WATER PIPES. 445 


The following notes, referring the diagrams Figs. 66, in- 


clusive, should used also connection with the values given 
Table No. 26, inasmuch the rejected points referred are most 
cases omitted from the diagrams. 


Note (1) Fig. 46. Orleans and Scott Streets compound curve: Obser- 
vation No. Pitot tube rejected. 

Note (2) Fig. 47. Orleans Street tangent: Nos. and Orleans 
Street rejected because columns did not vibrate 
freely after shaking out hose; acted gauge 
was throttled. 

Note (3) Fig. 48. Orleans and Hale Streets curve: apparent 
that the correction for initial error 
Pitot tube readings excess the true correc- 
tion. This, however, does not affect the value 
the equation. 

Note (4) Fig. 50. 60-ft. radius curve: The observations Brady 
Street tangent are somewhat irregular, but have 
been included the average result, although 
diagram better appearance could have been 
obtained using only Pitot tube results, which 
case the ratio would have been approximately 
1.52. 

Note (5) Street tangent: No. rejected; gauge not 
working should. 

Note (6) Fig. 53. Rowena Street tangent: The zero observation 
Rowena Street appears too low, but in- 
cluded the average. omitted, the ratio would 
decreased. 

Note (7) Fig. 55. Russell Street tangent: Nos. 58, and are re- 
jected they were taken before the gauges were 
brought zero, and, although there nothing 
the log indicate that they are not reliable, 
change conditions evidently occurred the 
Russell Street gauge when the gates were closed. 

Note (8) Fig. 56. Small compound curve: No. 67, tube observation, 
rejected; not working well. 

Note (9) Fig. radius curve: Pitot tube observations Nos. 
73, inclusive, rejected account air 
connections. 


Note (10) Fig. 58. Rivard Street tangent: Nos. and rejected, 
log shows that gauge had not yet reached 
equilibrium. 
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~ Jiine 1: 13, 1 1899, 
Nos. 6-11 
‘and Orleans Brady Tangent and Orleans 
and Scott Curve, 


Orleans Tangent, 


rleans and Scott Compound Curve, 


nches of Oil 


2 
» 


of Oil at 60° Inches of Oil at 60 F. 


Brady Tangent. Brady Tangent, 
Fie. 46. 47. 


Inches of Oil at 60°F. 
— 


13, 1899. June 14, 1899, 
Nos. 12-16 Nos. 17-22 
® Brady Tangent and Orleans and a © Brady Tangent and Hale a ee 


o Pitot Tube" 6 x 4.030 Orleans and 
_ Hale Curve. 


Orleans and Hale Compound Curve, 


1 4 3 
Brady Tangent, Brady Tangent. 
48. 49. 
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June 14, 1899, 
Nos. 
Brady Tangent and 
Hale Curve. 
Tube No.6 Riopelle, 
Curve. 


Hale Curve 


3 
of on. at 60°F. 
Brady ‘Tangent. 
50. 


June 14, 1899, 
Nos. 36-41, 
@ Brady Tangent and Riopelle and 
Rowena Curve, 
© Pitot Tube No.6 x 4.030 Riopelle 
and Rowena Curve. 


of ou, at 60 
Brady Tangent. 
52. 


Riopelle Tangent. 


Inches of Oil, at 60 F. 


Rowena Tangent. 


Inches of Oil, at 60 F. 


Nos, 
© Pitot Tube No.6 x 4.030 |_| 


Inches Oil, 60°F. 
Brady Tangent. 


June 15, 1899, 
Nos, 42-49, 


® Brady Tangent and Rowena Tangent 
© Pitot Tube No.6 x 4.030 = 


of at 60 F, 
Brady Tangent, 
53. 
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Nos, 50-57. 
© Brady Tangent and Russell and a 
Rowena Curve. | : 
Pitot Tube"6 x 4.030 Russell Brady and Russell Tangent |~ 
and Rowena Curve, t —| ° Pitot Tube’ 6 x 4.030 


” ” 


Russell and Rowena Curve, 
Russell Tangent, 


South Rivard Tangent. 


a 

| 

| 


Inches of Oil, at 60 F. 


Inches of Oil, at 60 F. 


to 


Inches of Oil, at 60 F. } Inches of Oil, at 60 F, 
Brady Tangent. Brady Tangent, 
55. 


Nos. 65-68. Nos. 69-77. 
® Brady Pangent and Russell and Brady Curve. ® Brady Tangent and Rivard and Brady | 


Rivard and Brady Curve, 15R. 


Inches of Oil, at 60 F. 


°, 


Inches of Oil, at 60 F; 


Russell and Brady Curve, Short Compound. 


or 


Inches of Oil, at 60 F. Inches of Oil, at 60 F, 
Brady Tangent. Brady Tangent, 


Fia. 56. 57. 
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South Rivard Tangent. 


Rivard and Alexandrine Curve, 10'R. 
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June 17, 1899. 
1.8 Nos, 78-84. 
© Brady Tangent and South 
16 Rivard Tangent. 
South Rivard Tangent. 


| 
| 
| 


1.2 


1.0 
8 
~ 
o2 
n 
0 1 eee 4 5 6 
Inches of Oil, at 60 F. 
Brady Tangent. 
58. 


June 16, 1899. 
Nos, 93-99, 


Brady Tangent and Rivard and Brady Curve. 


Inches of Oil, at 60 F. 


North Rivard Tangent. 


June 17, 1899. 
Nos, 85-92. 


© Brady Tangent and North Rivard Tangent. 
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7 
6 
5 = 
4 
| 
2 | 
| 
0 1 Se 4 5 6 
Inches of Oil, at 60 F, 
Brady Tangent, 
59. 


| 


June 19, 1899. 
Nos, 100-106. 
© Brady Tangent and East 


0 1 er 
Inches of Oil, at 60 F. 
Brady Tangent. 


60. 


East Alexandrine Tangent. 


Inches of Oil, at 60 F. 


1 
Inches of Oil, at 60 F. 
Brady Tangenf. 


61. 


2.0 


June 19, 1899. June 21,1899. 
Nos. 107-114 Pp Nos. 115-119 
Tangent and Hastings and Alex. Brady Tangent and West Alex. Tangent. 


Hastings and Alexandrine 
,_. West Alexandrine Tangent. 


4 


a 


Brady Tangent. Brady Tangent. 
63. 


o 


o 


& 
° 
| 4 


June 16,1899, 

Nos. 120-127 
® Brady Tangent and Alex. and Alley Curve, 


Inches of oil, at 60°F, 


South Tangent, Alley East St. Antoine. 


w 


~ 


Alexandrine and East St. Antoine Curve, 


Inches Oil 60°F. 


Inches of Oil at 60 F, Inches of Oil at 60 F. 


Brady Tangent, Brady Tangent, 


65. 


5 
June 20,1899, 
Nos. 128-135 
Tangent and South Alley Tangent. 
| 
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& 
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Inches of oil, at 60°F, 


June 21,1899, 
Nos. 137-142 
Brady Tangent and North 
Alley Tangent, 
° Pitot Tube No.6 x 4.030 » 
Alley Tangent, 


Gate Resistance, Jan, 23d, 1901. i 
e TubeCat Cr, at Hastings. 


3 
Brady Tangent. 
66. 


0.2 0.3 0.4 
Inches 


67. 
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The ratios obtained from the diagrams are shown Table No. 28, 


with corrections for length, and Column the results work 
are given for comparison. 


TABLE No. 28. 


=c Jr 8. 
Length tangent. Equiva. 


Value 
Value 


length 200 ft. 
lent excess curve resist- 


From diagrams 
Column corr. for 
1898—Results. 


~ 


(3) 


Orleans and Scott 
Orleans tangent 


Riopelle tangant 


and Brady small 
St. 
Brady and Rivard 15-ft. 
North Rivard tangent 9660 1.0500, 
Rivard and Alexandrine 10-ft. 

R. C 1.0796) 1.0796, 


Column gives the length tangent which the value equivalent the 


excess resistance found 200 ft. diameters pipe, including curve; correction 
being applied for the effect specials roughness. 


Results. 


Resistance resistance the 30-in. gate Alexan- 
drine and Hastings Streets was measured January 23d, 1901, with 
Gauge No. using kerosene and water. The velocities the same 
time were observed Tube center Alexandrine and Hastings 
Streets, and Tube center Superior Street. The cor- 
rected results are shown Fig. 67. Tube No. was used all 


62.| 
XIX. 
4 


ee Vee 


lent excess curve resist- 


10)* 


the 
ction 


with 
ame 
ings 
cor- 
all 


q 
7 


1899 experiments the ratio gate resistance Brady tangent 
derived means the proper follows: 

From the rating Pitot Tubes No. the true velocity head 
(H,) 0.640 the velocity head observed with Pitot Tube and 
0.7157 that observed with Pitot Tube No. or, the equation 
expressing the relation between readings observed with these two tubes 
may written the following form: 


Equation (1): (Tube (Tube No. 6), but from Fig. 
45. 


And from Fig. 67: 
Equation (3): (for ft. pipe) resistance 30-in. gate 


(Tube 


2.376 
Substituting values from (1) and (2): 
Equation (4): (54 ft. pipe) 30-in. gate resistance 
0.64 (Brady Tan.) 
eliminate the gate resistance from ft. straight pipe, 
assume that the resistance per foot straight pipe the same 


Brady Street tangent, (Brady Tan.); then, re- 


sistance gate (0.0934 0.0047) (Brady Tan.) 
0.06843 (Brady Tan.). 

But the total value Sec. XVIII, Fig. 62, was found 
0.1736 (Brady Tan.) section 23.51 ft. long and con- 
tains two 10-in. Y’s, addition the same 30-in. gate for 
which the resistance obtained above. Assuming the same value for 
per foot straight pipe, the resistance one 30-in. gate and two 
10-in. y’s computed follows: for 23.51 ft. straight pipe 
(23.51 0.0047 0.1105) Brady Tan.; therefore, resistance 


The two results not agree, and appear indicate either that the 
gate resistance observed 1901 too great that the assumed value 
ft. straight pipe too low. writers the latter 


4 
7 t 
7 
239.0 
7 
7 
3.0 
q 
31.4 
q 
‘= 
: 


case seems the more probable. However, the above assumed value 
for straight pipe the value actually found Sec. XIX, which 
follows the section containing the gate and specials. assume 
lower value straight pipe, therefore, leads the logical con- 
clusion that the effect gates and specials extends into the following 
tangent for undetermined distance, and that the resistance observed 
less than the total resistance caused. Such assumption also 
takes for granted that the observed value H,on tangents mean 
value only, and that the true value not constant for the entire 
length tangent observed. Ifit farther considered that the maximum 
value any tangent the end nearest the preceding curve, 
and the value H,found the curve section, then the minimum 
value H,in the tangent will the end farthest from the pre- 
ceding curve section, and will much below the maximum 
value above the mean observed value H,, the value diminishes 
rate. this basis, from Table No. 28, Column the 
least possible value H,in the East Alexandrine tangent would 
0.8212 Brady tangent. believed, however, that does 
not diminish uniformly, but rather the form curve concave 
upward. The extreme limiting values immediately preceding 
the 30-in. gate are either case 0.82, and 0.95 Brady Tan. 

The value 0.86 has been selected the most probable. Computed 
before, the resistance the 30-in. gate then becomes 0.0698 
Brady Tan., and the resistance for the same gate and two 10-in. 
Y’s 0.07251 the Brady tangent. 

The last derived values not include the resistance which takes 
place the following West Alexandrine Street tangent, due the 
gate and specials. Retaining the value, 0.86 Brady Tan., the 
proper coefficient applied straight pipe, the additional resist- 
ance the gate and two Y’s may computed from the observed 
value the West Alexandrine Street tangent follows 

Observed coefficient per 200 ft. 0.9416; 
Assumed value per 200 ft. straight pipe 0.8600; 
Special resistance tangent 


0.1669 H,in Brady Tan. 
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Accuracy Work.—The methods adopted conducting the in- 
vestigations afforded many opportunities check the accuracy the 
work, and the writers themselves have often been surprised the 


small limit error found. was feared, however, that 


the rating Pitot Tube No. might somewhat error, especially 
the tank ratings gave results entirely variance with the 
rating finally adopted. searching for opportunity check the 
accuracy this rating was recalled that the night August 6th 
and 7th, 1898, Pitot Tube No. was read center Alexandrine and 
Hastings Streets, while the resistance the Brady Street tangent was 
observed with Gauge No. 6in sperm oil. The velocities the lower 
portion the series were obtained operating the Canfield Avenue 
12-in. blow-off. produce the higher velocities, the Hastings 
ARRANGEMENT SPECIALS HASTINGS STREET. 


10" Blow-off Gate 
on this line 


Vertical 


Horizontal 


Alexandrine ' >! 
1 


East 
~2'10" > Alexandrine 
Tangent H Hastings Street Specials --- — Tangent 


68. 


Street 10-in. blow-off was also opened, but, the comparison which 
follows, the higher readings are rejected, first, because was feared 
that the proximity the Hastings Street blow-off the location 
the Pitot tube (Fig. 68) might have produced somewhat abnormal 
distribution velocities the section containing the tubes; and 
second, because the comparison was made with the observations 
made 1899 between Tube No. center Alexandrine and 
Hastings Streets, and the frictional loss the Brady Street tangent, 
which the velocities were thus making desirable include 
the comparison only the lower portion the former series. 
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The coefficient kerosene 60° Fahr. 4.895 

from which, for the temperatures here given, reading taken 

4.895 

0.5542 

Substituting and transposing Equations (1) and (2) 


kerosene sperm oil, 


From Equations (3) and (4) the ratios the value observed 
both tubes becomes 


1.1092. 


But, from the ratings, the coefficient applied observed 
Tube No. 0.792, from which the coefficient No. must 
0.792 1.1092 0.7142, and the coefficient applied velocities 
derived from Tube No. will 0.845, difference only 
0.001 from the accepted rating. This check considered 
remarkably close, being made between observations taken nearly 
year apart, different men and different and involves, 
not only the rating tubes, but the calibration kerosene and 
sperm oil, together with temperature correction. After obtaining 
this check the writers feel hesitation claiming for the experi- 
ments more than usual accuracy. 


Description Line. 


Conditions.—In 1898 became necessary lay about 1.1 miles 


16-in. pipe supply the rapidly increasing consumption the western 


part the city and the proposed water-works system the adjoining 
village Delray, which was obtain its supply from Detroit. During 


the autumn 1898 several series experiments were conducted 


section this line about 700 ft. long, containing two angles 90° 
each, the first turning the left and the second the right. This 
part the paper devoted discussion the methods used and 
All the pipe men- 


results obtained from these experiments. 


tioned the writers, unless otherwise designated, will refer this 
700-ft. section. 

Survey.—All tangents were carefully run with transit offset 
lines, care being taken that the stakes were not disturbed during the 
progress the work, and that each angle was exactly degrees. 
bench-mark was established near by, grade stakes were set near the top 
the trench about 40-ft. intervals, and the foreman was furnished 
with list the cuttings the various stakes necessary obtain 
level grade. 

After the pipe was laid, but before being covered, elevation was 
taken each length. All horizontal measurements necessary prop- 
erly set the various piezometers and measure the lengths tangents 
were made top the pipe, before being covered, with new 100-ft. 
steel tape, and careful notes the same preserved. 

Diameter measurements were made each length 
pipe, two each end 90° apart, and, likewise, two ins. from each 
end. 12-in. brass-trimmed boxwood rule having brass slide dove- 
tailed into one side was used for this purpose, and all readings were 
taken in. The curves were measured like manner, and 
measurements were taken determine the accuracy with which these 
castings were made. The dimensions used, however, are theoretical 
ones, the castings were found conform very closely the draw- 
ings from which they were made. all, 810 caliperings were taken. 

Pipe and Curves.—The pipe was the regular hub and spigot pat- 
tern, quite smooth and free from defects, and leaks were found when 
was tested before being covered. They were coated and tested 
manner similar the 30-in. pipe described previously. The pipes had 
glossy appearance, and were quite smooth, although there was some 
unevenness due the coating. 

The curves were not smooth the straight pipe, and were 
painted with two coats graphite paint. ridges depressions 
existed, but the surface the iron felt rough the hand. Some 
trouble was experienced putting the pieces the compound curves 
together properly, and probable that one two the joints were 
left somewhat ‘‘open.” Foremen not like lay compound curves, 
although, long enough properly marked out the engineers, 
difficulty will encountered, but short ones usually require some 
solid joints. 
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TABLE No. 16-In. 
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[Papers. 


Loca- 
tion. curve 
2 
and 
Porter, 
5-ft. R... 5.00 7.85 110.145 110.145 220.29) 
Comp... 
5-ft. R.|5.49 110.145 110.145 220.29 


FROM LEVEL GRADE, 


Max. VARIATION 
ELEVATION PIPE 
FEET. 


Above. 
Below. 


EXPERIMENTAL SECTION. 


perings. 


Average dia- 


n 

o 

Ratio: 
| Dy |\D, 1 

| 


| 
| 


000 


Date and series. 


Sept. 


wey 2 

* eeeeee | eee 

* * 


Cavalry and Por- 
ter, 5-ft. Rad. 


Army, Comp. 


Cavalry and 


a 


Pitot tube indicated used here this series. 
indicates that kerosene was used gauge. 


“ 


Numbers and refer Differential Gauges Nos. and 


Pipe-Laying.—The pipe was laid experienced Detroit water- 
works foreman and pipe gang. bracing was necessary, and all work 
was very carefully executed. The ditch was about ft. deep quite 
dry clay and water was encountered anywhere the work. 
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Papers. 


tary 
of Military to Tap 


of Pipe, Average, from 
Cavalry, 16,0263 


No. of Calibrations, 152. 


Distance from Gate at E. Line Mil 
Diameter 


to P. T, at Cavalry and Arm 
From Gate at E. Line 


W. of Caval 


@enter of Gate 


This Pipe shut off below 
x1 


a Tube 
3 Here. 


Gate operated, 


discharging into Sewer 


nxn 


| Army Tangent | 


] 
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WwW 
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es | 
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| on W.S; e of 16, 


Pipe &"Thick 


From Tap on Cavalry to ety Army 220,29 


5.493 


1,960 


Pipe and Curves 16,0681 
bad « Curves 16.083 
No, librations, Pipe and Curves 158 
“ “ 12 
(Maximum Diameter 16%" 


6'Gate 
Closed 


Maximum Diameter 16%" 

Diameter of Pipe from Gate at E. Line of 
; Campbell Ave. to Tap E. of Cavalry 16. 032 i in. A 
: No. of Calibrations, 334 


PORTER STREET 


Porter Tangent. 


From Tap on Porter St, to Tap on Cavalry 
measured on Center Line of Pipe 220.29 Ft. 

Length of Curve 5’R. 7.85 Ft. 

Center of Curve Midway between Taps. 

Average Diameter Pipe and Curves 16, 0415" 

No. of Calibrations 170 

Average Diameter of Curves 16.207 

No. of Calibrations 16. 

Maximum Diameter 

Minimum 


E.|side of 16 “Cock, 15%" to beginning of curve. 


! 

s 


= z 
> 
5 — im 
10 
| 
= 
| 
1 
| | 
| 
! 
q 


corporation cocks (three and five §-in.) 
were screwed into the pipe various places with tapping machine, 
the pipe ends the latter being plugged with brass and having 
hole tapped through the plug. All but two were set vertically the 
top the pipe, and none was allowed project through the iron. 
Two §-in. cocks were set horizontally the side and were placed 
directly opposite each other. The three cocks were located 
wells and all others were carried the side the road with lead 
pipe. Each was provided with shut-off cock, drain, stop-box and stand- 
pipe. 

Experiments. 

Pipe Data.—In Fig. are shown the relative positions the 
tangents, curves and piezometers, together with calibrations and other 
general information; and Table No. part this presented 
tabular form, together with the coefficients for diameter corrections. 
the experiments were made before the entire line and connections 
were completed, was possible waste large quantities water 
without materially affecting pressures the surrounding districts, 
and mean velocity 5.8 ft. per second was thus attained. 

Series Nos. and 4.—A plan the entire experiments 
shown Table No. 30. Pitot Tube No. was not observed the 
fourth series, was necessary use the cock through which 
was worked the western piezometer for the Army tangent. 
Gauge No. was read Cavalry Streets the first, 
second and fourth series; Tube No. the Army tangent the first, 
second and third; Tube No. the Porter tangent the second, 
third and fourth, and Gauge No. Cavalry and Army Streets the 
first and second series, was believed that all the calibrations and 
ratings could checked. This has been done several ways, will 
shown the reductions. The temperatures during the four series 
were unusually uniform, and the various comparisons correc- 
tions were made reduce uniform temperature. 

Table readings were first plotted cross-section 
paper with time abscissas, and periods selected where was ap- 
parent that uniform condition flow had become established. The 
readings each these periods were averaged into observations, and 
Table No. contains the detailed results from such averages, together 
with the corrections, reductions and logarithms used the diagrams. 


Hy-Cavairy and Army, Compound. 


Inches, Kerosene. 
or 


Pitot Tube 5, Observed H,, at Cr. 


Inches, Water. 


20 
| 
16 
14 
12 


Papers. 


x 1st Series. 
” 


0.9870 1.0117 
0.9838 


Hy-Cavalry and Army, Compound. 


Inches, Kerosene. 


5 10 15 
Inches, Kerosene, P 


Fie. 70. 


20 25 


“0.563 140.67 
obs.Cr. 


8 
8 4 
2 
" 
Inches, Water. 
Pitot Tube 3, Observed H,, at Cr. 


72. 


=1.0150 (ratio cor. for 
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H Tan. 


0.894 x 0.9870 
— 0.8894 


1,0043 =0.8932 (ratio cor.for 


& 


Inches, 


2 4 6 8 10 12 14 16 18 20 22 2% WB 2 
ches, Gasoline. 


H Porter and Cavalry, 
71. 


BS 


Inches, Water. 
Hz~-Porter Tan. 


4 6 8 10 12 14 16 18 20 22 WM Ww 2 


Fie. 73. 


461 


3d Series. 
0.4789 
Log. tn Log. Vin in erosene, 
Log. x 12 x 2.2029 02364, 
water, H=0 02364 171.844 ( 
171.857 y = (), 02395 
(cor. for d.) 


Log. Cor. 
Log. Cor. 


0.02125 


for 100 when cor. for d.) 


. 0.8 0.9 1.0 il 1.2 1.3 14 -1.4-1.6-1.8 0 0.2 0.4 0.6 0.8 1.0 1.2 L4 16 

Log. H#-Porter Tan, (inches of_water.) Log. Ay- Cavalry and Porter, 5 r. (inches_kerosene) 


74. 75. 


H> Porter Tan. ® 
‘Inches, kerosene 
2 


4 6 8 10 12 14 16 18 20 22 24 26 28 
(cor. for a.) 


— 9.12499 (reduced to 220.29) 


Inches, ‘water 


Porter Tan. 0.12499 _ 


0.1364 
0.9870 


Observed Cr, 


=0,13819 (cor. for d.) 


Excess of Pressure, in Inches, Water. 


Corrected Mean Vel., Feet per Second. 


4 6 8 10 12 14 16 18 20 2 
Inches, kerosene 


76. 
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Reductions Experiments. 


Diagrams and Explanations.—Fig. shows graphically the rela- 


‘tive for Cavalry and Army Streets, containing 90° compound 
curve and 4-ft. radius; and Porter and Cavalry Streets con- 


taining 90° 5-ft. radius curve, together with corrections for diameter, 
the length each case being 220.29 ft. 

Fig. shows graphically the relative for the Army tangent, 
and Porter and Cavalry Section containing 90° 5-ft. radius curve, 
together with the corrections for diameter and length. 

Fig. determines the relative value readings taken simul- 
taneously center with Pitot Tubes Nos. and Series and 
and has been used determine the coefficient Tube No. 

Fig. 73, inches water the Porter tangent plotted 
with the observed center Pitot Tube No. Before blowing 
the oil out the differential gauge Porter Street, reading 
practically zero kerosene was obtained, thus proving that with 
condition flow would equal zero. known that the 
line points, plotted the diagram, continued, would pass 
through the origin curved line, evident that H,does not vary 

determine for the Porter tangent and Tube No. the value 
log. plotted with the log. the usual manner, and cor- 
rections made for diameter, and for purposes comparison reduced 
for length 100 ft. pipe (Fig. 74). 

For the purpose determining the value section con- 
taining curve, the log. for Cavalry and Porter Streets (5-ft. 
radius) plotted with the log. from Pitot Tube No. given 
the second series; and manner similar that adopted 
Fig. 78, and found for the equation, (Fig. 75). 

the the Porter tangent not directly comparable with 
the any other section, becomes necessary determine its 
relative frictional resistance means Pitot tube observations. 
Although has been shown that H,does not vary but rather 
for the purpose this comparison, owing the range being 
about the same, the V,, obtained the same Pitot tube, the 
each case measured kerosene, and the temperatures very nearly 
uniform, plotted with observed center Tube No. and 


> 
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0.01 
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TABLE No. 


DIFFERENTIAL GAUGE 


PORTER 


No. 
TANGENT. 


TANGENT. 


No. 
NT. 


TANGE 


TuBE 


=4 


Series and 
date 
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DIFFERENTIAL 


DIFFERENTIAL GAUGE No. DIFFERENTIAL 
| 
Inches, 
kerosene kerosene. 
26).. il 0.400 —1.6021 |....| 11 0.609 ove wig 


3 
7 | a 
‘ 
eve 
eeee 
4 
eevee 
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if 
| 
| 
air 


TABLE No. 31—(Continued). 


TANGENT. TANGENT. TANGENT. 
= 
Log. Log 
water. 
Tube turned 180° and back. 


| 
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TABLE No. 


GAUGE No. DIFFERENTIAL 


DIFFERENTIAL 


Observed 


No. readings. 
pressure. 


Fahr. 

No. readings. 
No. readings. 
Observed 

No. readings. 
Diff. 


aw 


— 


° 


the relation between them determined each case. When corrected 
for diameter and reduced uniform length 220.29 ft., the ratio 
between the results obtained the relative loss head equal 
lengths tangent and Porter and Cavalry section, containing 
5-ft. radius curve (Fig. 76). 

Fig. shows graphically the difference pressure measured 
the horizontal piezometers, which are ins. stream from the 
compound curve, plotted with the mean velocities flow. dif- 
ference was observed until velocity about 1.30 ft. was reached, 
after which very peculiar condition affairs was found 
explanation will offered here for the reversal difference 
pressures velocities increase. 

Conclusions.—From Figs. and 75, means Tube No. 
the first, and Tube No. the second (H,in inches water and 
inches kerosene), the following values are derived, after correc- 
tions are made for 

for 100-ft. Porter Tangent 0.02141 

means Fig. 76, however, was found that for equal lengths, 

Porter Tangent 
and 
0.02395 0.9045 
0.02141 
for discrepancies calibrations, ratings, measurements, diameters, etc. 

found slightly greater the Porter tangent than the 
Army tangent, which accounted for the fact that the former con- 
tained 16-in. gate, 6-in. cross, and Pitot Tube No. extending 
the center the pipe. 


Table No. are given the relative losses head for the various 
experimental sections (reduced uniform length 220.29 ft.), the 
values the equation for the two tangents, and 
the values cin the Chezy formula velocities and ft. 
per second. 

From the relative values assuming the Army Street tangent 
standard, the resistance introduced 90° 5-ft. radius curve, 
ins. diameter, appears equivalent the resistance 26.35 
ft. 16-in. straight pipe, and the resistance the compound radius 
curve that 30.03 ft. 16-in. straight pipe, and the same basis. 


wv 


Ww 
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Comparative and per 100 ft., with corresponding values 


(Chezy). 
Cavalry and Porter 5-ft. Rad.| 1.0000 
Cavalry and Army, 1.0150 


The total resistance due one gate, one 6-in. cross, and Pitot 
Tube No. extending the center the pipe, would equivalent 
6.35 ft. straight pipe. These values, correct, apply all 
velocities, and are independent the values the Chezy for- 


mula. 


Description Line. 


Detroit, the Detroit River. Its population 1898 was approxi- 
mately and was rapidly increasing. Several large manufacturing 
establishments were located within its limits, with prospects more 
the near future, and, order maintain proper fire protection and 
provide liberal supply for domestic use, system water-works was 
installed, work beginning July, 1898, and final connections the 
pumps being completed the spring 1899. Its supply water 
was obtained from Detroit, pressure about lbs., laying 
12-in. cast-iron main from the city limits through portion Delray 
the boiler house the Solvay Process distance 
miles, round numbers, where two 6-in. meters were installed, 
and the water, after passing through these meters, entered the Delray 
system. 

This 12-in. supply line was laid without any side connections what- 
ever, and taps were allowed made it, its object being 
supply water the fire pumps the Solvay plant, where steam 
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obtainable all times, day and All experiments 12-in. pipe 
discussed this paper, unless otherwise noted, were made this 
main. 

Survey.—The route the 12-in. pipe line was carefully staked 
transit offset lines sufficient insure the line stakes remaining 
until after the pipe was laid. all, five angles were introduced, two 
which were exactly 90°, and the remaining three the tangents 
were swung slightly also make right angles, one case just before, 
and two cases immediately after, leaving the experimental station. 

All linear measurements were carefully made with new 100-ft. 
steel tape, and believed that appreciable errors were made 
measuring the length either tangents curves. The levels were 
run and checked and bench-marks established about every 
1000 ft. During pipe laying, grade stakes were set about 
intervals, and each pipe was lined and leveled carefully could 
done experienced pipemen under fairly good conditions. After 
being laid and caulked elevation was taken each pipe near the 
spigot end, or, elevation for every joint. The highest length pipe 
any the experimental sections was found 0.11 ft. above 
grade, and the lowest 9.10 ft. below grade, which may considered 
very good work, inasmuch part the trench was quicksand. 
Although the entire line not level, each section experimented upon 
was laid level grade. 

Pipe laying was begun (see Fig. 78) Artillery Avenue, and con- 
tinued through South Street, and thence Exposition Avenue 
and River Road, and short distance the Solvay Process Com- 
pany’s grounds, the summer and fall 1898, one gang men 
under the same experienced foreman; the work was therefore 
uniform character. 

Diameters being placed the ditch each length 
pipe was calipered eight places, two each end right angles 
with each other, and two the same manner ins. from each end. 
short pieces, only the end caliperings were taken. 10-in. brass- 
bound boxwood rule having thin brass slide dove-tailed one side, 
and reading in., was used. The entire 12-in. line was calipered 
this way, and, although some the stretches tangents have 
never been used for experimental purposes, was thought best 
that time leave gaps, any part might sometime needed. 
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Average diameter of Bend 11.906 
Calibrations 4 

Average diameter of pipe from 
12"Gate to piezometer 12,0106." 
Calibrations 76. 


Length of curve 4.71' 
Average diameter of pipe from 
1st tap to 2nd 11.9965." 
Calibrations 8 
Average diameter of curve 12,0156 
Calibrations 8 


74.32 


Length 


pipe 
Average diameter 12.007" 
Calibrations 8 
Average diameter of pipe 
between taps 12.0258" 
Calibrations 116 SOLVAY PROCESS CO’S 


GROUNDS, 


Bend, 
Length 
Average diameter 11.9427 
between 
taps 11.9891" 
Calibrations in curve 12 
“ in pipe 80 


EXPOSITION AVE. 


SCHROEDER AVE, 


56 "Cock with one 8-in. opening 
in Center of 2000-ft. Tangent. 
12 Suction pipe 


KERCHEVAL AVE. 


Used Pitot Tube here 
SOUTH ST. 


results unsatisfactory. 


REID AVE, 
Used Pitot Tube here: 


—1000 

12"Piezometer 
West End 2000 ft. Tan. 
lead pipes on.top of 12"pipe 

Average diameter of 12 pipe from, 
piezometer at Reid Ave. to tap 1000 W. 
Schroeder 12.0062" Calibrations 660 

Average diameter of 12” pipe from , 
piezometer at Reid to piezometer 2000 W. 
at Kercheval 12,0012, Calibrations 1328 

Average diameter of 12" pipe from P 
tap at Schroeder to piezometer 1000 W. 
at Kercheval 11.9961” Calibrations 668 


NOTE:( Length of 12" Line from Artillery Ave, to 
Meter about 14 miles, 
Each stretch of pipe experimented upon was 
laid to a level grade. 


Cock, 1g "opening 
Piezometer 


closed 


ST.CLAIR ST. 


RIVER ST. 


Gates, Closed 


ARTILLERY AVE. 


B.O, Connection, 
not used 


“Cock, 


12 Gate 


12 Piezometer 


CRAWFORD AVE, 


12°Pierometer “12 Gate Be 


East End 2000 ft..Tan. 


Length of curve 6.28’ 

Diameter of curve 11.9961" 
Diameter of pipe between 

tap and piezometer 12.0593.” 

No. of calibrations in curyes =16 
No, of calibrations in pipe and 

curves 80, 


SKETCH DELRAY PIPE, SHOWING TANGENTS 
AND CURVES EXPERIMENTED UPON BLACK, 


SCALE, DISTORTED. 


Meter 116727 


Fia. 78. 
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Altogether, 4349 caliperings were taken. Each pipe was numbered 
with white lead before being calipered, and all subsequent levels 
and locations was referred this number. The caliperings were 
made the curves the same manner the straight pipe, and 
template was cut fit some the curves test their radius. 

Pipes and pipes were the regular hub and spigot 
pattern, cast bell up, and in. thickness. They were coated and 
tested manner similar the 30-in. pipe. The coating gave the 
pipe quite shiny appearance, and most the roughness surface 
seemed due slight inequalities the tar coating. 

The curves were good smooth castings, about the same the 
straight pipe, and were painted with two coats graphite paint, 
which gave good finish, although not glossy found the pipe. 

Pipe Laying.—The soil encountered was mostly gravel, with some 
sand and clay near Artillery Avenue. Reid Street the bottom 
the trench was damp; Schroeder Avenue water was first noticed, 
and from there the River Road from ins. water would 
rise over night the trench. Bell holes were dug for caulking, and 
hand pumps were provided keep the trench dry possible, all 
joints being madeinthetrench. The water caused considerable caving, 
and South Street, near Exposition Avenue, the trench was fully 
ft. wide top and7 ft. deep. After being laid and caulked, but 
before being covered, test lbs. per square inch was applied, and 
all sand holes joints found sweating were properly attended to. 

Piezometers.—T kinds piezometers were used this line, the 
locations which are shown Fig. 78. The taps were 
ordinary brass corporation cocks, plugged with brass, flush 
the end, and }-in. hole drilled through the plug the center. 
These were tapped into the pipe with ordinary Mueller tapping 
machine, care being taken that the inner end the cock should not 
project into the pipe beyond the inside surface the iron, and that 
the taps located exactly top the pipe. four cases, how- 
ever (see 12-in. Fig. for location, and Figs. 
and for details), special piezometer casting was set. Pressures 
were obtained through sixteen holes opening from the circumference 
the pipe into chamber, which turn was connected with 
lead pipe carried the side the road, the same manner 
described and shown Fig. 16. The §-in. taps likewise were carried 


Ac 


q 
q 
7 
q 
q 
q 
7 
q 
7 
q 
7 
J 


54" Top with 14" opening, midway between 12"plzometer at Reld Ave. 
and_12" pizometer at Kercheval Ave, total distance of 2000.00’ 
One half inch lead pipe from tap to stop-box No. 2 


SOUTH 


0 

104.500 104.4898. 104.406 104.446 104.466 104.486 104.456 104.436 104.458 104.448 \ 104,608 104,508 104.588 104/578 104.578 104.578.104.547 


No. 178 


NOTE;- Average diameter from 12" Pizometer at Reid to tap 1000.00’ — 
Schroeder inches. No. Calibrations 660. Elevations above 
Average diameter from 12” Pizometer at Reid to 12" Pizometer City Dalum 
2000.00’ W. at Kercheval 12.0612 inches. No. of Calibrations 1328. 
_ _ Average diameter from tap at Schroeder to 12” Pizometer 1000.00’ 
W. at Kercheval 11,9961 inehes, No, of Calibrations 668. 


2"x 4" Hemlock laid lengthwise 
along the 12" to support the lead. 


Tap for Gas for Corporation Cock holes 


Section of fron and lead pipes 
between Pizometers, 


Interior Surface to be 
Bore painted with two coats 
Core red rubbed in. 


Brass Plug tapped in 
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Tap these holes 
& plug with 1” Gas Plugs. 
SCHROEDER 


Brass Plug tapped in SECTION ON A-B 
bore holes 
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clear the roadway. Two the large piezometers were set the 
South Street tangent exactly 2000 ft. apart, and §-in. pipe 
was carried top 4-in. hemlock strips, laid the pipe, from 
each these piezometers point midway between them, and thence 
the side the road. point equally distant from these piezom- 
eters, cock with opening was inserted, and it, too, was 
carried the side the road near the §-in. lead connections. 

Three connections were thus brought side side, one being 
connected with §-in. lead pipe leading ft. east, one like 


manner leading 000 ft. west, and third, lead pipe, toa 


exactly midway between. Fig. shows the arrangement pipes 
Schroeder and South Streets, which the center the 2000 ft.- 
tangent. trouble from freezing any the connections along the 
line has occurred date, March, 1901. 


Experiments. 


Pipe Data.—Table No. gives the location, sizes and lengths 
the various 12-in. curves and tangents experimented upon, together 
with the proper correction for slight differences calibrations, 
that the sizes are very uniform. 

Table No. gives the general synopsis the experimental work 
carried on, together with locations the gauges and Pitot tubes for 
each series. 

First and Second Series.—Early October, 1898, preparations were 
made begin experimental work, and most the instruments were 
stored building near where the work was conducted. 
not, however, until November 4th that the first series was obtained, 
and was then found that Mercury Gauge No. had burst from freez- 
ing and could not used this work. 

this time the meters had not yet been set, and the velocities the 
first series were read with Pitot Tube No. vertical and Gauge No. 
Kercheval and South, the piezometer special the lower end 
the 2000-ft. tangent; and the second series, piezometer special 
the upper end the 000-ft. tangent, near Reid and South Streets. 
The Pitot tube connection the upper piezometer (Reid and South 
Streets) ft. ins. below 12-in. gate, and, although all gates 
were taken apart shortly after the line was laid, and examined see 
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TABLE No. 33. 


AES? 


Location. 


.|Artillery and South curve... 


East 000-ft. tangent. 


West 
Exposition and South curve.. 


Solvay 


grounds 


Radius curve, feet. 


~ 


LENGTH, FEET. 


VARI- 
ATION ELE- 


Ooo 
og | 2 =| og 
(6) (7) (8) (9) 
6.28 100.0 0.02 0.01 
1000.0 0.10 0.07 
0.10 
0.00 0.11 
0.07 0.11 
0.06 0,00 


joints, first 
piezometers. 


No. 
secon 


~ 
~ 


a 
11.9961 
12.0156 
12.007 


First SECOND PIEZOMETER. 


tod 

(13) (15) 
668 11.9961 0.9997 

328 12.0012 1.0001 
12.0106 1.0009 |1.0045 
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TABLE No. 34—(Continued). 


Serres, 16TH, 1898. 
(25) (26) (27) (28) (29) (30) (31) (3%) (33) (34) (35) (36) (38) (39) 
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TABLE No. 34. 
temperatures parentheses are interpolated. 


No. No. KERCHEVAL No. 1.—ON No. 7.—ARTILLERY GAUGE No. AND SouTH 


indicates that traverses were made during this interval observation. 
Pressures taken blow-off, with Crosby test gauge, No. 357 646, carefully tested. 
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No. 

No. readings. 
Observed inches, 
water. 

Cal. Cr. Vel. 

True Cr. Vel. 


Cr. Vel 
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METER No. 116 727. 


Cubic feet per 
minute. 
Cubic feet per 
second. 
Mean Vel. ins 
Vel.? 

Vel. head 
inches. 


TABLE No. 


No. RIVER 
AND EXPOSITION, 


Log. Vel. 
Temp., degs. 


(80) (81) 


@ 


kerosene, 


kerosene. 
Fahr. 


No. readings. 
Inches, kerosene. 
Inches, kerosene. 

60° 

No. readings. 

60° 


Inches, 


Temp., degs. Fahr 
Inches, 


or 


(87) 
Do 4 
(3) 
0.3302 
0.3397 
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TABLE No. 


SERIES, 6TH, 1899. 


KERCHEVAL AND SOUTH. 


(40) 


No. 


(41) 


No. readings. 


Observed inches, 


(46) 


water. 
Cal. Cr. Vel. 


Cal. Cr. Vel., 0.89 
True Cr. Vel. 


Cubic feet per minute. 


. 


0.471 


6-In. 116 727. 


(47) 


Cubic feet per second. 


(49) 
On 


0.0179 
|0.02292 


Velocity head 


106145 


TANGENT. 


TANGENT, 


(61) (63) 


° 

oO 

8451 
0.3918 
0.9142 
1.3279 
1.3390 
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TABLE No. 


[Papers. 


METER No. 116 727. 


hi 


(114) (115) 


per 


Inches, kerosene 

Inches, water, 
60° Fahr. 

Log. inches, 


Inches, kerosene. 
No. readings. 


No. minutes 
Cubic feet per 
Log. vel. 


Cubic feet 
Mean vel. 


— 


0.7687 
2.2063 0.3436 
2.1673 


5.42424 
5.3747 
0.0011 
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TABLE No. 


Prrot No. GAUGE No. No. 116 727 


water. 
Mean 
Vel. 
per 
per 
hes. 
Fahr. 


No. 
Fahr. 
Inches, 
kerosene. 
Inches, 
kerosene, 60° 
Inches, 
kerosene. 
Inches, 
kerosene, 60° 
Fahr. 


Observed 
Cr. Vel. 
True Cr. Vel. 

0.842 
minute. 
second. 
60° Fahr. 

Log. inches, 
water. 


hes, 
Mean Vel. 
ins. 


Cal. Cr. Vel. 
0.89 true 
degs. 
No. readings. 
Temp., degs. 
No. readings. 


ine 

Cal. Cr. Vel. 
No. minutes. 
feet 
Cubic feet 


No. readings. 
Vel. 
Vel. head 
Vel. 


0.983 
0.2817 


correction made. 


Lal 
mM 
Lael 
o 


i om oe: 
3 
o 
S 
| 
| 
— 
whe 
No: 


that the dises would rise enough give clear opening, the Pitot 
tube readings taken here show very peculiar distribution veloci- 
ties, which has already been discussed. 

the piezometer special Kercheval and South Streets Pitot 
tube observations were taken with the tube placed the pipe hori- 
zontally, owing the water the well standing the top the 
12-in. pipe, and, although could lowered somewhat, the hand 
pumps were unable keep the well clear. had been the intention 
make Pitot tube observations, both horizontally and vertically, 
better determine the distribution velocities, but, account the 
water, was impossible this. 


Gasoline was used the differential gauges for these series instead 


kerosene, which has since been found more satisfactory 


ordinary use, and one these gauges was placed the 13-in. radius 
curve Exposition and South Streets; the intention being have one 
always this point, and move the other from place place. 


| 

| 


Numbers denote gauges used points indicated. 

Indicates method observing velocity. 


Third, Fourth, Fifth, and Sixth Series.—During the spring 1899, 
all final connections were completed, and June 7th, 8th, and 9th, 
experimental work was carried with Gauges Nos. and filled with 
kerosene. One the 6-in. meters, No. 116 728, was entirely closed 
and all water passed through No. 116727, which was read the nearest 
eubic foot each minute. 
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8-in. tee the blow-off, thence out the blow-off gate into 
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Notes Work.—To properly understand the manner which the 
water was wasted, attention again called Fig. 78. the first and 
second series the water passed through the 12-in. pipe until reached 


24-in. sewer. the third, fourth, fifth and sixth series the water 
passed through the 12-in. pipe the meter, through the meter and 
back the 10-in. pipe the 8-in. blow-off tee, thence out the 
same blow-off gate the first and second series. each case the 
necessary gates obtain this result were opened and closed the 
blow-off, and all regulations flow were made with the 8-in. blow-off 
gate. 

The observations made Delray were considered good the time 
they were taken; the gauges worked well, trouble was experienced 
with leaks, and, all all, the general results seemed very 
satisfactory. 

Before beginning work 1899, the lines were thoroughly flushed 
remove any sediment which might have collected the bottom the 
pipe. 

Meter.—The following general description the meter used 
taken from the manufacturer’s 

displacing measuring member consists plain flat 
having ball and socket bearing, and adapted oscillate 
chamber comprised two sections joined together, which each 
the inside faces approximates the frustrum cone; the exterior con- 
fining wall assuming the form circular zone. The disc has 
single slot projecting radially from the ball, which embraces fixed 
metallic diaphragm set within and crosswise one side the cham- 
ber, the discs being thus prevented from rotating; but, when 
caused oscillate contact with the cone frustrums, the chamber, 
these means, divided into sub-compartments measuring 
spaces. Now, the ports ingress and egress are properly dis- 


posed opposite sides the diaphragm, the disc will act its own 
valve.” 


The size used these experiments, 6-in., has advised maximum 
duty 100 cu. ft. per minute, but may operated forced flows 
120 cu. ft. per minute. The highest quantity recorded during the 
work was 108.43 cu. ft. per minute, the fourth series. 

the time the experiments were made, was supposed that 
rating different velocities, determined from the result experiments 


Catalogue the Thomson Meter, received 1900. 
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made ascertain the accuracy the various sizes under different con- 
ditions flow, could obtained from the manufacturer. The writers, 
however, have not been able obtain such rating. 


Reductions. 


Partial Log observations taken the field were 
plotted directly cross-section paper, ins. wide, ruled in. 
The abscissas were divided represent time, and the ordinates 
various scales, show readings all gauges taken 
simultaneously. Fig. shows the original plotting the work 
the afternoon June 8th, sixth series, which self-explanatory. 
there was any difference time, shown the different 
observer’s watches, became evident these. sheets, and did not 
interfere with the reductions. Whenever was apparent from the 
lines drawn that equilibrium had become established, observation 
was averaged and the result was placed the diagram. 

Table Results Table No. the results for all series 
are given, averaged aid the plotted sheets from the field notes, 
without change correction, together with corrections and altera- 
tions made the writers, and necessary logarithms properly 
understand the diagrams which follow 

Diagrams and Explanations.—In Fig. comparison made 
between H,, inches water 60° Fahr., the radius curve, 
and H,, 4-ft. radius curve, first series, and the equation found 
means centers gravity. 

Fig. 83, H,in the 13-in radius curve, inches kerosene 60° 
Fahr., compared with H,in the 3-ft. radius curve Exposition and 
River Streets, which also kerosene 60° Fahr., fourth series, 
and correction made for diameter likewise the 13-in. radius 
curve, kerosene 60° Fahr., compared with the 3-ft. radius 
curve River and Solvay, kerosene 60° Fahr., fifth series; and 
the 13-in. radius curve, kerosene 60° Fahr., with the 2-ft. 
radius curve, kerosene 60° Fahr., sixth series. 

the results obtained Figs. and are relative, and the 
vations would not alter the slope the lines indicated these dia- 
grams, the points plotted are observations derived directly from the 
original readings with corrections applied except for temperature. 
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water 60° first and second series, with the the 13-in. 
radius curve inches water 60° Fahr., first and second series, 
are plotted, and the equation determined. There seems 
evidence that the average line points could represented better 
curve than straight line, shown the diagram, and 
may therefore safely predicted that the value the equation 
H,=m V", will found very nearly the same straight pipes 
and curves. 

Pitot Tube and Meter.—In Fig. the corrected center velocities, as. 
reduced from observations Pitot Tube No. Kercheval and South 
Streets, third, fourth and fifth series, are plotted with the mean 
velocity recorded the 6-in. meter. 

The points are averaged straight line, although this line does 
not pass exactly through the origin. Five the points plotted were 
obtained the third series, and will seen referring Column 
that Gauge No. failed come about zero when the 12-in. line 
was very nearly closed off. The correction necessary applied, 
Column 43, —0.148 in., was determined carefully plotting the 
observed readings, Column 42, with H,in the west and east 000-ft. 
tangents, Columns and 62, and estimating the distance necessary 
move the line obtained order cause pass through 
origin. 

The slope the line indicates that the ratio mean velocity 
meter, the true center velocity, found the Pitot. 
tube and South Streets, 0.842. has been previously 
demonstrated, under the heading Pitot Tubes,” the ratio center 
velocity mean velocity, determined the various Pitot tubes, 
0.84, practically the same given here. 

will thus seen that, two entirely different and dissimilar 
methods measurement, the discharge this pipe coincides within 

plotted with 
irregularities points investigated; for errors reductions, and 
2d, for improper choice lengths observations apparent mis- 
takes reading the scale the gauges meters. 


velocity head, derived from meter, ang all 
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-Exposition and South 1.08 ft, Radius Curve. 
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Inches Water, 60 F. 
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South and 1.08 ft, Radius 


(1)-e(Ex. and River)=1,0413(South and Ex,)-+0.0052,) 
(2)-@(Sol. ” )=0,0443( ” )-0. 8272 
(8) —*(Solvay ) =0.9157( 
1.0045 
(2) ——0.9443 x 1.0106 Ratios cor.for diam. 


(3) 0.9157 x 0.9955 _ 9 9975, 
1.0045 


Exposition.and River ft. R. Curve.. 
Hy}\< © Solvay ” 3 ” 
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The initial error, any existed, was thus graphically represented, 
and Fig. shown one these plottings. 

this case, the west 000-ft. tangent, corrected with 0.159, 
Column 56, which brings zero observation (25), when the meter 
recording mean velocity 0.01 ft. per second, because careful 
study this diagram, when drawn large scale, tends show 
that Observation slightly too low, relatively. the line 
points not straight, evident that not vary 

the time making the experiments shown this diagram, 
considerable time had been expended determining whether the size 
the hose and lead pipe connecting with the piezometer, the use 
unequal lengths hose each side the differential gauges, would 
cause variation the readings obtained. This diagram proves that 
the gauge may set and connected any manner, without varying 
the results, provided other sources error exist. 

the tangent does not vary assumed that the equation 
seems hardly practicable eliminate plotting logarithmically, 
the assumption made that constant quantity any one 
series, and first eliminated the table results. The equation 
then becomes H,=m V", which for logarithmic plotting may 
written log. log. log. straight line (see Fig. 87). 

Only the logs. the higher velocities are averaged, and the 
straight line calculated the centers gravity the manner 
previously described. the foregoing equation, found equal 
1.779. 

The value the equation for the 13-in. radius 
curve, obtained manner similar that for the tangents 
Fig. 87. was measured with gasoline the differential 
gauges the first series, and kerosene the fourth, fifth and sixth 
series, all are brought the equivalent inches water 60° 
Fahr. Fig. and the velocity the first series was observed 
Pitot Tube No. the log. its corrected mean velocity used; 
while the fourth, fifth and sixth series, the log. the mean velocity 
plotted given the meter. 

remarkable how closely the points fit the computed straight 
line and show how closely the velocities coincide when determined 
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various times Pitot tube and meter. The value found 
1.795. 

explained before, the readings obtained Reid and South 
Streets the second series, with Pitot Tube No. gave very un- 
equal distribution velocities. Kercheval and South Streets, 
where the velocities are much more uniformly distributed, has been 


mean vel. 


shown that 0.84. Fig. shows, general way, that 


the ratio 0.84 holds good, within reasonable limits, where applied 
cross-section unsymmetrical distribution, caused partially 
closed gate, ordinary obstruction one side the pipe. The 
average line drawn eye,and only approximate mean. 

evident from Table No. that something 

wrong with the results derived from one the 3-ft. radius curves. 
indication the cause for this difference can found any 
the observations, this variation may due any the following 
reasons: (1) Measurement error setting piezometer; (2) one the 
piezometers not set right angles flow; (3) Air one the gauge 
connections which remained horizontal section the hose lead 
pipe during condition flow, but which moved into vertical 
section the flow was increased and the reading the gauge became 
greater; (4) the effect the loss head caused align- 
ment front the first piezometer. 

The measurements were very carefully made and checked, and 
discrepancies can found any the notes the work; the piezom- 
eters were all set the same men and with the same tapping 
machine, and the lead and hose connections were allowed run for 
some time before being connected the gauge. 

The only curve the entire line having slight swing the pipe 
immediately before the curve was Exposition and South Streets, 
where change alignment was made the joints about ft. 
from the first piezometer. How much effect this would have the 
gauge readings, the writers are not prepared say, but known 
from the results obtained the 30-in. cast-iron pipe that the effect 
curvature extends more less into the following tangent, and itseems 
probable that the effect this case has been increase the value 
the section containing the curve. 


Omitting this curve, the length tangent necessary produce the 
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loss head occasioned deflecting flowing water through each the 
90° curves taken from Column and given follows: 


H,90° radius curve excess H,in equal length 
straight pipe equivalent for 19.7 ft. tangent. 

90° 2-ft. radius curve excess equal length 
straight pipe equivalent for 8.63 ft. tangent. 

90° 3-ft. radius curve excess equal length 
straight pipe equivalent for 13.92 ft. tangent. 

90° 4-ft. radius curve excess equal length 
straight pipe equivalent for 15.27 ft. tangent. 


From Column seen that H,« for the Exposition and 
and (Chezy formula) are determined for several velocities. Except 
those given for the South Street 000-ft. tangent, these values are 
useful principally for comparisons. The equation for flow through 


100 ft. the straight pipe found 0.0323 measured 
feet water 60° Fahr. 


General Discussion. 


Curvature and Other Effects.—The foregoing experiments, taken 
prove beyond question doubt that the hitherto accepted 
notions the laws governing curve resistance are wholly inerror. 
suggested the discussion the distortion the velocity curve, 
the resistance due curvature proved very much less the 
short than the long-radius curves for the same total length pipe 
and angle defiection. From the experiments upon the 30-in. pipe, 
well those the 12-in., apparent that the 90° curve 
ducing the least resistance total length diameters one 
and diameters radius. Fig. shows graphically, more 
than words can describe them, the net results the curve in- 
curve sections are reduced uniform length 
diameters adding taking away tangent resistance. The 
lengths the axes the curved pipe, units the pipe diameters, 
are plotted the abscissas, and the percentages excess the ob- 
served losses head, the curve section diameters long, over 
those observed equal length preceding tangent, are plotted 
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the ordinates. the cases the 30-in. curves the resistance the 
preceding tangent has been taken the standard comparison, 
except where that tangent was very short, was affected ab- 
normal conditions. the former cases, those the 40-ft. radius and 
small compound curves, the loss head has been compared the 
mean the second preceding and the following tangent. the case 
the first long compound curve value about below that shown 
the Orleans tangent has been assumed for its preceding tangent 
Scott Street, and the curve section filled out its full length 
adding section with this resistance. account the specials 
the Rivard tangents, particularly the upper one, the resistance the 
10-ft. radius curve has been compared that the East Alexandrine 
tangent. The 16-in. curves are compared with the Army tangent and 
the 12-in. curves with the long South Street tangent. 

The experiments the 30-in. also show that there general 
continuous increase the tangent resistances each curve passed, 
though each curve added something the losses the following 
tangent. This effect clearly shown Table No. 28, and also 
Table No. the values the Chezy formula, which have been 


computed for the long tangents, and are repeated here for conveni- 
ence. 


Tangent. Value Remarks. 
South Rivard Street......... 114.6 branches distributed. 
109.6 gate and branches upper end. 
East Alexandrine Avenue... 115.4 specials. 


will seen from Table No. that those tangents which the 
resistance abnormally high are followed curves which the re- 
sistance abnormally low, and vice versa. From this 
tangent resistance after passing each curve evident that the re- 
sistance generated the curve passes beyond the section containing 
these investigations. appears true with the re- 
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sistances caused gates, andit will seen, the correction applied 
the 15-ft. radius curve experiment Fig. 90, eliminate the effect 
gates and specials, whereby the position the point moved 
6a, that the loss head through fully open gate may half much 
that the curve least resistance. 

The traverses taken short distances below gates have shown the 
water, the side toward the opening into the bonnet, retarded, 
and when happens that the setting gate the down-stream 
portion curve section such oppose the action the bonnet 
that the curve very high resistance observed the curve 
section, and very low one the tangent, because the gate tends 
the velocities readjust themselves passing, with the at- 
tendant loss head there. This seen the case the 15-ft. radius 
curve Rivard and Brady Streets, and the first large compound 
Scott and Orleans Streets. the latterthe effect gate 
evidently more than compensated the 30-in. both 
these cases the following tangents are seen have quite low losses 
head. 

the table Fig. 90, addition the plotted data, there 
shown the last column the number feet tangent that would 
give resistance equal the excess the curve section. 
imate curve effect locus sketched through the points that seem 
the writers most probable, and memoranda are entered the several 
points which not fit it, stating what reasons are known, account 
for the eccentric positions. 

The data thus far obtained, however, are insufficient determine 
the distance which the effects disturbance travel, but, from the 
traverses, appears that they extend farther low than high 
velocities, which would expected. 

The values already presented appear somewhat high for the 
12-in. pipe, and decidedly low for the 30-in. The smoothness the 
two lines was the same, nearly could judged, and the conclusion 
that the deficiency carrying capacity the latter was due the 
effects curvature and speciuls. The apparent effect the 
tion the up-stream tangent, ft. from the 3-ft. radius curve, 
River Street and Exposition Avenue, startling exhibition the 
results small changes alignment, also the reduction 
from 123 the Hale Street tangent 116 the Brady Street tangent, 
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the results larger deflections. Having shown that the long, so- 
called easy curves may productive very great increase the 
resistances flow, the importance careful alignment, both hori- 
zontally and vertically, apparent, and seems the writers that 
this element has the past been greatly overlooked, while the effects 
roughness have been exaggerated. will recalled that riv- 
eted and stave-pipe lines the long, easy curve prominent feature, 
and seems entirely possible that some unexpectedly low coefficients 
for such lines are due this cause. 

values the Chezy formula have been already 
presented for the several investigations, but for convenient reference 
they are assembled here. 


VELOCITIES, FEET PER SECOND. 


Diameter pipe, 
inches. 
111.1 119.9 125.7 129.6 182.9 
119.3 125.8 129.4 182.2 134.4 


Table No. are presented the values and the equatiom 
resistance mV". 


TABLE No. AND FOR TANGENTS, WHERE 


Diameter pipe, inches. Location. 
Army Street 1.850 0.2114 
Alexandrine Avenue 2.000 0.1201 
Alley 2.000 0.1223 


Table No. presents the calibrations, 60° Fahr., the various 
fluids experimented with the fluid differential gauges, obtained 
experiments with the gauges. 
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TEMPERATURE. 


Fluid. Equivalent water differential gauge. 


Accuracy tube measurements discharge the 
same location made with the same instruments and under similar con- 
ditions, but different times, were found coincide within 
per cent. 

Pitot tube measurements discharge different locations with 
different instruments under similar conditions, but different times, 
were found coincide within from 1.7 per cent. 

Pitot tube ratings 2-in. brass pipe gave coefficient, for Tube 
No. 0.89 (page 346). Simultaneous observations the field work 
Tubes Nos. and determined the coefficient the latter 
0.75 (page 350). Tube was rated 2-in. brass pipe and its 
cient found 0.80. The ratio between the mean and central 
velocity, when maximum, was established traverses 0.84 
(page 347). traverse was made with Tube duplicate Tube 
and simultaneously the center velocity was determined 
No. point less than ft. away. Applying the rating coeffi- 
cient 0.80 the observations with Tube and the rating 


0.75 and the ratio 0.84 those with Tube No. the two mean 
c 


velocities obtained agree within 2.7 per cent. 

The rating Tube No. was determined comparing its reading 
center certain position with the loss head simultaneously 
observed the Brady tangent and then making similar comparison 
between Tube No. and the same tangent, the observations being 
made 1899 when the tangent loss was measured kerosene. 
this case, with Tube No. only four velocities were observed. 
1898, Tube No. was observed simultaneously with the loss head 
the Brady tangent for seventeen different velocities, the loss 
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head being read sperm oil. The sperm oil and the kerosene were 
calibrated terms water, and the loss head 1898 reduced 
equivalent kerosene. From this comparison was made 
with Tube No. and this result compared with the relations Tube 
No. the Brady tangent used above which was determined 148 
velocities. The coefficient Tube No. obtained the 
two comparisons, agreed within per cent. 

Tangent and curve resistances were between June and 
‘October, 1898, fourteen different sections 30-in. pipe, and similar 
observations were made the same sections June, 1899. The 
results are shown Table No. 41, referred the Brady 
tangent resistance, which, stated the last paragraph, agreed 
within the two years, the tube comparisons. 


TABLE No. 41. 


Discrepancy: 
Percentage 
1898: 1899: Ratio Ratio. 
Velocities. Velocities. 1898 1899, 1899. 


comp. curve........... 0.9619 8.81 
V.—60-ft. rad. curve.......... 1.0074 0.74 
VII.—40-ft. rad. curve........ 0.9611 
VIII.—Rowena Tan....... 1.0228 2.28 
rad. curve......... 1.0051 0.51 
Tan........... 142 1.0000 0.00 
XV.—N. Rivard Tan........... 0.9929 0.71 
XVI.—10-ft. rad. curve........ 5.74 
Alex. Tan............ 1.0044 0,44 


SUMMARY. 
Four sections agree within less per cent. 


This table shows that, compared with the Brady tangent each year, eight 
sections had increased their carrying capacity and five had decreased during the 
year intervening between the two series experiments. the tube comparison 
the Brady tangent resistances the two years, appeared that the carrying capacity 
this section had increased per cent. the opinion the writers these 
experiments not warrant any conclusions changes carrying capacity the 
pipe line, and further their opinion that this was practically the same the two 
years. 
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The discharge the 12-in. main was determined 1898 Tube 
No. for various losses head certain section measured gaso- 
line, Tube No. having been rated 2-in. brass pipe weighing 


the water passing when center, the ratio being previously 


c 

determined. 1899 the resistance the same section was measured 
kerosene and the discharge measured meter. The 
kerosene and the gasoline being calibrated water, for similar losses 
head, the discharges, determined meter, were found agree 
with those determined the Pitot tube within per cent. 

Relative Reliability 1898 and 1899 Series.—The experiments 
1899 the 30-in. pipe were carried with greater care and accu racy 
observation than those 1898, but the range velocity was only 
about one-half that the earlier investigations. The experiments 
1898 were made night when the effects temperature changes and 
the variation consumption, were less important than the day- 
time work 1899. reduce the experiments 1898 common 
basis, was necessary through extended series comparison 
the different observation equations whereby errors one might 
carried into the next, while with those 1899 the comparisons were 
direct; two instruments, the gauge the Brady tangent and Tube 
No. were read continuously the samé locations throughout the 
entire investigation. 

view all the foregoing conditions the writers believe the 
results the two series (except those the Hale tangent which 
the 1898 observations are considered questionable) entitled 
equal confidence. 


Final Results. 


The results obtained and presented connection with this investi- 
gation may summarized follows: 

invention the oil differential gauge, which pos- 
sible observe differences head closed conduits under pressure, 
with great degree precision attainable open conduits 
with the hook gauge. 

B.—The invention form Pitot tube which may inserted 
water main without the aid special devices, other than the tools 
possessed every water department; the aid which competent 
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observer may obtain gaugings with great accuracy has yet been 
attained with any other measuring device, except the graduated tank 
and weighing scale. 

C.—The determination ratio 0.84 between the mean and the 
maximum velocities water flowing closed circular conduits, 
under normal conditions, ordinary velocities; whereby observations 
velocity taken the center under such conditions, with properly 
rated Pitot tube, may relied upon give results within 
correctness. 

D.—The presentation series coefficients for application 
the different fluids used the differential gauges, which the 
observations taken may conveniently reduced equivalents 
water. 

demonstration the fact that ratings Pitot tubes made 
dragging those instruments through still water open troughs 
not conform, within any reasonable limits, those obtained when the 
instrument stationary moving water closed conduit. 

demonstration that Pitot tubes must have their coefficients 
determined, whether they consist point opening alone both 
point and pressure openings. 

G.—The demonstration that under some conditions, straight 
pipe, there difference pressure different points around the 
circumference the same cross-section. 

derivation the ellipse the approximate form the 
normal curve velocities straight circular pipes. 

demonstration that the effects disturbances the flow 
water pipes are transferred for many diameters beyond the point 
where the interference occurs. 

J.—The inference that careful alignment necessary for large 
carrying capacity pipe lines smoothness interior surface. 

discovery and demonstration that curves short radius, 
down limit about diameters, offer less resistance the flow 
water than those longer radius, and hence that the theories 
and practices regarding curve resistance, set forth the hydraulic 
treatises all nations the present time, are absolutely incorrect 
and the diametric opposite the true conditions. 
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these days rapid development the science bacteriology 
and its many practical applications the arts, the subject the 
bacterial purification disposal sewage has naturally arrested the 
attention the engineer. 


Certain well-defined principles are already recognized and gener- 
ally accepted; for the rest, expected any new 
science, for theories and misconceptions multiply the applica- 
tions new and untried conditions. This fact further evidenced 
the recent growth patent literature bearing upon the subject, 
and particularly the manner which many the English patents, 
least, appear overlap one another. 

not, however, the principles the bacterial and septic 
tank treatment sewage that the writer purposes treat, but rather 
its evolution and the antecedents the so-called septic tank 
their bearing upon and relation the collateral patent question and 
the very broad and far-reaching claims being made certain cases 
under them. Indeed, the writer’s attention was first drawn this 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
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subject the claims—in his judgment unwarranted—for infringe- 
ment patent rights the construction sewage disposal plant 
designed him for large manufacturing company New England. 
Since that time various claims for infringement recently designed 
constructed works have been made different parts the 
country, which has led the writer present this time portion 
the data gathered him his own studies, the hope that may 
some service brother engineers. 


SKETCH SEWAGE METHODS. 


One surprised note how comparatively recent origin are the 
various methods sewage disposal other than the old privy and cess- 
pool systems, which were frequently combined with agricultural 
disposal the wastes. Indeed, most the systems have been devel- 
oped since the middle the nineteenth century. 

The privy was followed the pail system and the cesspool; and 
then the cesspool from which the settled liquid was decanted the 
sewers upon land. 

Next came the water-carriage system and the bitter war between 
the advocates the tout and those advocating the primary 
separation the solids before discharge into the sewer. About this 
time the Liernur system was also more less vogue certain parts 
the Continent, though never gained much recognition Great 
Britain. 

Chemical precipitation was next developed, along, and many 
cases combined, with sand filtration and broad irrigation; 
storage and intermittent filtration, carefully studied the Massa- 
chusetts State Board Health; and finally, within the last decade, 
the bacterial treatment sewage, under which may included the 
septic tank system; the septic tank system followed intermittent 
filtration; the contact bed system—single, double treble—and the 
various bacterial methods making use the principles bacterial 
contact diverse ways, with without such minor modifications 
primary sedimentation, passing through roughing-filters strainers, 
aeration, etc. 


London,* for instance, cesspools were general use until 1847; 


Public Health and Its Applications Different European Albert 
Palmberg, M.D., translated from the French Arthur Newsholme, M.D. 1893. Also 
Minutes Proceedings, Institution Civil Engineers. 
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thereafter, water closets, with sewerage system discharging directly 
into the Thames, until 1859, when Bazalgette’s plan was adopted and 
put under way. was not until 1865, however, that the latter system 
was finished its essential parts—comprising intercepting sewer 
with storage tanks, discharging the ebb-tide only—while the inter- 
cepting sewer the north side the Thames was not begun until ten 
years later. 

So, too, Paris, the water-carriage system, with final disposal 
the sewage irrigation, was very gaining general favor. Prob- 
ably nowhere was the cesspool tank system carefully studied and 
fully developed Paris, for which reason may advantage 
here allude its various steps little more fully. 

1820, Paris* the fatal mistake insisting, ordinance, 
upon the use cesspools,” and for twenty years thereafter such 
sewers were built received only the decanted liquid overflow from 
these cesspools. late 1854, the Prefect the Seine} presented 
memoir suggesting two possible methods sewage disposal for Paris. 
The first, for system sewers carry the solids and liquids 
distant point for treatment; the second, for the retention the solids 


and the discharge the liquid only into the sewers. The latter 


method was adopted, and the execution the plans was begun 
1867. had the collectors and the network sewers begun 
spread, under the direction Belgrand, than the filtrantes were 
put into use,” say MM. Bechmann and Launay their valuable 

These various devices for separating the solid from the liquid por- 
tion the wastes are interestingly described the 
fixes, from which the matter raised metallic vessels vacuum 
pumps; the used the barracks; the filtres 
which permit the liquids escape and reduce the refuse 
one-fifth part; the vidange automatique, invented Mouras 
away with the necessity for even periodic removal the solids; and 
those other devices for dividing diluting the sewage, which did 
much delay the adoption the water-carriage system. 

Minutes Proceedings, Institution Civil Engineers, Vol. xxiv, 


Rawlinson. 


Assainissement des Egouts des par Eugéne Miotat, Architecte 
Expert, 1881, 14. 


Annales des Ponts Chausées, Jan.-June, 1895, pp. 257-827. 


Assainissement des Villes par L’Eau, Les Les Irrigations,” par 
Mille; and d’Aisances, Latrines, Urinoirs, Vidanges. Historique, Construc- 
tion,” Liger, 1875. 
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The very general use these devices indicated the fact* that: 


are (1878) about 70000 houses Paris, which only 


are registered having some description night-soil service. 
These comprise four systems: 


Number 

First.—Water-tight cesspools built masonry...... 000 
Second.—Removable receptacles mobiles ordi- 

naires) wooden 450 


Third.—Movable receptacles (appareils diviseurs), 
which the liquid portion only filters into 


the cesspools, having connection with 


Fourth.—Movable receptacles (tinettes which 
the liquid portion only filters into the 


124 220” 


1880, however, consequence the experiments upon the 
purification sewage, began Clichy, M.M. Mille and 
Durande-Claye 1868, and carried them with such signal 
success, and when the use the filtrantes had been more 
less proscribed, ‘‘the administration proposed the discharge all 
sewage direct into the sewers, and the abolition all fixed movable 
cesspools.”+ This was adopted the session June 23d, 1880, and 
law contained the germs ofthe principles which were finally 
consecrated the law July 10th, 1884.” 

About this time the Technical Commission 1882, the Drainage 
Paris, condemned the use the various devices for separating the 
solid from the liquid portion the sewage, and advocated the tout 
system. 


Commission did not admit that was ever necessary keep 
the house place where the products daily life could ferment,” 
and therefore expressed itself seeing ‘‘in these last efforts, which aim 
simplify the fixes, the hypocrisy the tout ?égout without 
its advantages. They take nothing from the underground and, 
when all said, not avoid the deposits the 


Minutes Proceedings, Institution Civil Engineers, Vol. liii, 1878, 201; 
the Main Drainage Paris and the Utilisation its Felix Target. 


Annales des Ponts Chaussées, 1895. 

also Annales des Ponts Chaussées, July, 1885; Commission Technique 


also Assainissement des Villes par L’Eau, Les Egouts, par 
Mille. 
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Nevertheless, these devices appear have served their purpose 
economically and efficiently for considerable period years, 
Claye, who, anaddress, before the International Congress Hygiene 
Geneva, upon Vidanges Egouts,” said the fixes, 
spite its imperfections and dangers, was indeed step advance 
the barbaric depots antiquity and the middle ages.” 

February 28th, 1887, law was passed providing for turning all 
matter directly into the public sewers within certain limited districts, 
with certain restrictions. 

1886 commission was appointed investigate foreign methods 
sewage disposal, and April 4th, 1889, was passed the act author- 
izing the purchase land Achéres for irrigation purposes. Nothing 
definite was done, however, toward securing the direct discharge 
household wastes into the sewers until the cholera epidemic 1892, 
which again awakened public interest, and culminated the passage 
the act July 10th, 1894. This act, say M.M. Bechmann and 
Launay, constitutes one the most important acts the history 
Paris and the science hygiene, and provided for the modern Paris 
sewage disposal 

will thus seen that the water-carriage system and purification 
irrigation were not adopted for general use Paris until near the 
close the last century. 

the student septic tank sewage treatment, this long period 
use and development the Paris full significance and 
interest. 

GENERAL CLAIMS.. 


Turning now from the broad question methods sewage dis- 
posal, let glance some the specific claims bearing upon the 
bacterial, and more particularly the so-called septic, treatment sew- 
age, being advanced under various sewerage and sewage disposal 
patents. 

Claims are made for the discovery, least for novelty the ap- 
plication, the following principles 

Sedimentation; septic bacterial action conditions 
Annales des Ponts Chaussées, January, 1895, previously referred to. 


Also Systémes des Eaux Immondices Ville,” par von 
Overbeck Meijer. 


— 
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developing and fostering it; bacterial action; slow flow through 
long tanks and the greater uniformity character sewage resulting 
therefrom; alternate use settling, decanting bacterial tanks, 
beds filled with certain materials; periods contact activity, rest 


and recuperation; rapid screening through coarse materials; aeration; 


and doubtless many others. 

While, under the devices, are claimed patent rights covering: 
ered, distinct from uncovered, tanks; artificial ventilation chim- 
ney otherwise; special shape and grouping tanks; form 
bottom; submerged inlet and outlet; barriers 
aerating weirs steps; and many alternating devices for manipulat- 


ing gates, regulating period inflow, contact, discharge and aeration 
the beds, 


Few engineers would dispute the statement that the bacterial puri- 
fication sewage far better understood to-day than was genera- 
tion ago; yet many—if not majority—of the engineers who have 
studied the question, would unwilling allow the claim novelty 
the action which produced the septic tank. This action 
essentially natural one, process Nature, which certainly 
difficult, not impossible, prevent, under the normal conditions 
attending storage sedimentation sewage. 

The essential difference between the old cesspool and the modern 
septic tank appears consist the period contact the fresh 
stale sewage with the liquefying action the bacteria de- 
veloped and contained the tank. 

the first cesspools, this period contact was determined the 
frequency emptying them; the later ones, provided with over- 
flow, their relative content compared with the volume sewage 
disposed of. The later cesspools, therefore—as, for instance, 


‘those consisting water-tight chamber discharging its overflow into 


sewer, leaching cesspool sub-surface irrigation system—did not 
differ essentially, principle least, from the modern septic tank; 
for, according the present theory, limited anzrobic action only 
desired, sufficient bring about the hydrolysis the solids, fats and 
soaps the bacteria their enzymes, Professor Kinnicutt has 
suggested. 
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Beyond this stage liquefaction, apparently undesirable 
go, for prolonged contact results the formation bacterial wastes 
poisons, making the further purification the sewage subse- 
quent nitrification more difficult, or, subsequent purification un- 
necessary, the effluent least much more offensive and perhaps 
likely undergo secondary putrefaction when disposed dilution. 

The bacterial liquefaction the organic matter sewage may not 
have been fully understood, but fermentation, maceration and bacte- 
rial putrefaction were well known upwards fifteen twenty years 
ago. 

Thus the Mouras’s Automatic Scavenger, hereafter referred to, was 
described Abbé Moigno,* who believed that the liquefaction 
the organic matter, The solvent action sulphuretted hydrogen 
called into play, and that species putrid fermentation set up, 
which effects the liquefaction the solid while the abstractor 
closes with the suggestion, May not the unseen agents those 
vibrions which, according Pasteur, are destroyed 
oxygen, and only manifest their activity vessels from which the 
excluded 

1883 the late Edward Philbrick, Am. Soc. E., Boston, 
interesting article The Sanitary upon the Disposal 
Sewage Sub-surface Irrigation, suggested the use tank 
tight cesspool which the solid particles the sewage may become 
macerated and finely divided fermentatiom before entering the dis- 
tribution pipes.” 

1887 Mr. Dibdin, paper Sewage Precipitation delivered 
before the Institution Civil Engineers, observed that: 

One object claimed for the use excessive quantity lime, 
and also for some other substances, that they destroyed the living 
organized bodies, such bacteria, etc., which give rise the phe- 
sewage purification the ultimate destruction, resolution into 
other combinations, the undesirable matters, evident that 
antiseptic process the very reverse the object aimed 
and further remarked that, Very alkaline effluents, such those 
produced the use lime excessive are very liable 
putrefy instead becoming purified oxidizing organisms.” 

regards sedimentation slow flow through long tanks, and the 


Cosmos les Mondes, December, 1881, and January, 1882. 
The Sanitary Engineer, May 10th, 1883, 530. 
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greater uniformity the sewage resulting therefrom, the use 
boards, walls, the principles involved have long been 
known and made use of—particularly chemical precipitation 
systems. 

Thus, taking several examples random, Mr. Henry Austin,* 
his interesting preliminary Report the Means Deodorizing and 
Utilizing the Sewage Towns,” suggested means (see Plate Fig. 
1), for more effectually the solid portion the sewage 
from the water which conveyed.” 

Professor Tanner, his discussion the valuable paper 
Mr. Bazalgette upon The Sewage 


the engineer, suitable mechanical arrangements, 
could far the direction separating from the sewage the solid 
matter which contained, and could thereby greatly lessen the 
area land which would otherwise necessary. And here would 
draw attention the importance constructing sewage tanks as. 
facilitate the subsidence the solid matter the sewage, and 
one modification which had found successful. Tanks constructed 
for subsidence purposes should provide for the sewage passing through 
with the least possible agitation the bulk sewage which was there 
depositing its solid matter. constructing across the tank, 
the same level the overflow the opposite end, thereby forming 
small preliminary compartment, the force the current was kept 
within that portion the tank, and the passage over such barrier dis- 
placed equal volume quietly the outlet. This might 
assisted additional barriers, some raised from bottom the tanks, 
some pendant and sinking into the water for depth from 
ins. Tanks thus constructed the sewage works Barking were 
fully equal three times much work they had previously done. 
these and similar arrangements which enabled the sewage remain 
tranquil whilst subsidence was proceeding, was possible, 
mechanical arrangements, accomplish much which would otherwise 
devolve upon the land. 


And many other writers, Mr. Philbrick, 1883, have referred 
the effect tanks equalizing the flow sewage.” 

Precedents abound for the use roofs covers, well arti- 
ficial means either for producing preventing the free circulation 
air sewage tanks. Climatic conditions, proximity dwellings, 
convenience, are likely the controlling factors their use 


London Sewer Reports, 1857, 79. 


Minutes Proceedings, Institution Civil Engineers, Vol. xlix, 181, April, 1877, 
Engineers, Vol. pp. 143-248, Feb. 6th, 1877. 
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disuse, investigation has seemed indicate that the bacterial 
mat itself efficient excluder light and air. 

The value and barriers, submerged inlets and out- 
lets, securing slow and regular flow through, and preventing the 
formation agitating currents in, sewage tanks, has already been 
referred under the head sedimentation, and some specific examples 
their use are given the following pages. 

Space forbids extended discussion the validity other patent 
claims mentioned, but, doubtless, certain the devices for manipulat- 
ing the beds and their appurtenances are novel application, not 
form. 


ILLUSTRATIONS AND PRECEDENTS. 


The following examples, arranged chronological order, which 
have come the writer the course his study the subject, are 
given illustrative merely the principles alluded to, but without 
any idea their being complete, even perhaps the best examples 
record. They have been drawn from text books and the many 
engineering journals within reach the engineer, and published 
this country, England and France. Time has, unfortunately, 
prevented search continental publications other than those the 
French societies. 

Henry Austin’s Parliamentary Report, 1852.*—In interesting 
report upon the sewerage towns, Mr. Henry Austin, London, then 
Chief Superintending Inspector the Board Health, made some 
interesting recommendations for arrangement for separating the 
solid portion the sewage the matter which conveyed, 
with view the more efficient and economical working 
the process;” that is, for primary sedimentation before treatment with 
lime and filtration. 

The great bulk the solid matter, when the sewage comes 
comparative rest the reservoir, divides itself into two bodies; the 
heavier particles once deposit themselves the bottom, and the 
lighter portions collect, solid floating mass, the surface. 
appears that the chief proportion these matters may inter- 


cepted the first tank both above and below, without filter, 
division with basketwork and perforated boards the. 


Report the Means Deodorizing and Utilizing the Sewage Ad- 
dressed the Rt. Hon. The President the General Board Health, Hon. 


P., Henry Austin, E., London, 1857. Presented both Houses Par- 
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middle, allowing the water pass through only certain depth 
beneath the surface. 

The second tank reservoir need not then deep 
large the first. it, filtering materials different kinds 
should arranged, through which the sewage would pass laterally; 
coarse screened gravel, beach broken stones; 2d, gravel 
medium coarseness; and 3d, some finer material. And there would 
much advantage having this filter shallow and broad, rather 
than deep and narrow; the surface water only would pass away, and 
thus allow further deposit from the main body before filtration; 
would subject greater friction and disengagement the solid 
matter and foul gases; and the filtering medium itself would less 
readily clogged and would more accessible for cleansing without 
removal, could turned over its place and subjected com- 
plete washing, from water tank above, often desired. 
very small area filter placed would found sufficient for all 

stated one the results the Manchester experiments, 
that the lime falls the rate ins. per minute. The admixture 
being made the sewage flows into the reservoir each side. pro- 
pose that should intercepted fender, that may not disturb 
the main body water, and that the discharge the outfall should 
take place over weir, allowing only surface film the water, from 
which the lime has descended, pass over. 

depth this surface water passing over, and the length 
the reservoir, must be, course, determined the quantity which 
has discharged. 

construction shown the plans would sufficient for 
town about 3000 inhabitants, and would probably cost from £250 
£300, exclusive the excavation the site and the fencing shown, 
which would depend upon locality.” 

School Cesspool, Derbyshire, 1858.—Dr. Samuel Rideal, the Can- 
tor Lectures,* the Bacterial Purification Sewage,” delivered 
1899, mentions the time and skill spent architects and others upon 
the design cesspools England the early Victorian period, when 
sanitary progress first drew attention its importance; and refers 

the construction 1858 very large cemented brick pit for 
school Derbyshire, into which passed continuously the sewage 
250 300 persons, and the drainage from farm. Whenever the pit 
was full its contents were pumped out from point near the bottom 
and discharged pipes over cultivated slopes. The mixed water was 
said clear and bright, except for occasional turbidity from 


*Journal, Society Arts, London, January 16th, 1899, 683. 
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the clay. Atthe periods emptying, nuisance occurred, though 
sometimes faint odor was noticed when the wind was the right 
direction. 

Settling Tank Hospital for the Insane, Worcester, Mass., 
This settling tank (shown Fig. Plate XVII), designed for 
ultimate capacity 600 persons, particular interest, making 
use the submerged inlet and outlet, diaphragm wall with punched 
screens and screen weirs, and the masonry roof. forms part 
the broad irrigation system use there. 

Mouras’ Vidange Automatique, 1881.—Mouras’ Automatic Scaven- 
ger has been frequently referred discussed recent engineer- 
ing literature make unnecessary here more than give 
few and briefly outline its action. 

The scavenger was described Abbé Moigno, editor the 
les Mondes being metal receptacle, hermetically sealed, continuous 
working, absolutely inodorous, which rapidly transforms all 
receives into homogeneous fluid, only slightly turbid, free from 
deposit any kind, and almost devoid smell. Its general arrange 
ment shown Plate XVII, Fig. and needs further comment. 

interesting account the application the scavenger given 
the Minutes Proceedings the Institute Civil Engineers, Vol. 
page 502, 1883-84. According this, the scavenger was 
placed the works Mr. Herzog Logelbach the middle the 
year 1883. had capacity about 800 U.S. galls., and was 
used for three frequented 150 people, the inflow being 
fairly constant volume. The inlet and outlet pipes were sub- 
merged, the form prescribed the inventor, which the vessel 
was hermetically sealed and the phenomena oxidation practically 
prevented. The author states that complete putrefaction took place, 
which all solid matters were dissolved the space thirty days. 

Professor Rideal, commenting upon the size the tank, says: 


not large impossible with ordinary sewages, but 


Rafter and Baker’s Sewage Disposal the United 456. 

Cosmos les Mondes, December, 1881, January, 1882, and January, 1883 

Minutes Proceedings, Institution Civil Foreign Abstracts: Vol. 
pp. 1881-82; Vol. 359, Vol. 502, 1883-84. 

Assainissement des Villes Eau, les Egouts, les Irrigations,” par M.A. 

Sewage and the Bacterial ification Sewage. Dr. Rideal 
Society Arts, London, 710, 1899. Abstract Rudolph Hering, 

Journal, Association Engineering Societies, Vol. xxiv, February, 1900. Article 
the Septic Tank, Professor Leonard Kinnicutt. 

Engineering News, 15th, and reprint the same, accompanied with letter 
Kenneth Allen, Am. Soc. May 12th, 1898. 
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the fact that the effluent from such tank was not sufficiently puri- 
fied without further nitrification, prevented the automatic scavenger 
from being more generally adopted.” 


appears have been used for some years, however, Paris, until 
‘the passage the act requiring the discharge all sewage direct into 
the mains, without preliminary treatment any kind. 

Mouras’ scavenger also described letter* Scott Moncreiff, 
which says, referring the later septic tank Donald Cameron: 

nothing new, and has been use Beazley and Burrows, 
Architects, Victoria Street, Westminster, for the last seven eight 
years, their ordinary practice draining country 

School for Boys, Lawrenceville, New Jersey, double receiv- 
ing and settling tank (Fig. Plate XVII) for use Lawrenceville, 
J.,in conjunction with irrigation system, was designed 
1882 James Croes, President, Am. Soc. Its capacity 
was planned for 400 persons, though was used only 180 for some 
time. The sewage first amounted about 000 galls. per hours, 
though later, 1893, reached 000 galls. per The joint 

,capacity the two chambers amounted about galls. 
sewage flowed each septic tank down through one long central 
passage-way, back through the next, and out through the outside 
passage into the pump well, from which was periodically discharged 
pulsometer pump into irrigation system. The inlets 
and outlets between the chambers were submerged, with weir the 
end the last channel, over which the sewage fell thin sheet into 
the pump well below. The chambers were ventilated flue the 
boiler house. 

This plant, built 1882, embodied striking degree the very 
processes and devices now being used others under claim nov- 
elty, and covered recent patents. 

Massachusetts Reformatory, Concord, Mass., sewage dis- 
posal system, comprising sedimentation, storage and broad irrigation, 
was designed for this institution William Wheeler, Am. Soc. 


E., 1883. This system interest illustrating the use 


small sedimentation and macerating chamber for the separation and 
liquefaction the solids, submerged inlets and outlets, large 


Engineering (London), September 25th, 1896, 407. 


Massachusetts Public Documents, 1883, No. 13. Also Rafter and Baker’s 
Sewage Disposal the United pp. 468-475. 
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storage chamber contain approximately hours’ night flow 
sewage, from which the liquid was pumped daily point ap- 
proximately ft. from the bottom. The tanks were also covered 
with masonry roof, and provided with artificial ventilation the 
chimney. 

Edward Philbrick, 1883.—In interesting article* ‘‘The 
Disposal Sewage Sub-Surface Suburban Resi- 
Mr. Philbrick suggested the advisability sedimentation, 
maceration and intermittent application the sewage sub-surface 
irrigation systems, and described tank for accomplishing this 
purpose. Its construction clearly shown Fig. Plate XVII, 
make further description unnecessary. Mr. Philbrick’s discus- 
sion the operation the tank previously ailuded excellent. 
The use similar tanks has also been suggested the more recent 


the late Colonel George Waring, Jr., and Mr. William Paul 


Gerhard. 


later Mr. Philbrick, replying open letter asking 
about the dimensions for flush-tank and settling basin for hospital 
containing twenty-five beds, suggested the use tanks ft. diam- 
eter ft. depth, which would have given approximately 
hours’ sedimentation and septic action. 

Medfield, Mass., and filtering tanks” shown 
Fig. Plate were designed for the Town Medfield, Mass., 

Professor Paglianl, 1891.—At the VIIth International Congress 
Hygiene and Demography, held London 1891, Paglianl, 
Professor Hygiene, and Director the Public Health, Rome, 
Italy, presented paper ‘‘The Application Reservoir Inter- 
ceptor, made the Type Mouras’ Fosse, and Peat Filter for 
Sewage the System Separate Sewerage.” 

this, says: Considerations economy made the tout 
system impossible, and compelled the adoption ‘‘a good dividing 
system,” which should the soluble emulsionable materials 
the privy from the solid and heavy parts,” and thus make 


The Sanitary Engineer, May 10th, 1883. 
+See Sanitary Record, Vol. 444. 


Rafter and Baker’s Sewage Disposal the United States, pp. Also Engi- 
neering News, and The Engineering Record. 


description these tanks may found The Sanitary Engineer, May 
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possible the use small-sized sewer pipes without danger clogging. 
The tank type Mouras’ scavenger, made cast iron cement, 
shown Fig. Plate XVII. 

Experience has proved that such reservoir can work properly 
without any inconvenience for very long period, and perhaps indefi- 
nitely, when supplied abundant flowing water; but the 
water want, may happen that the floating layer thickens 
the course few months make difficult the further flowing 
the successive sewage. this case, however, put the apparatus 
work again sufficient draw off the reservoir some liquid one- 
fourth its height from the bottom means pipe; the surface the 
liquid with its floating solid layer thus lowered,” and the trouble 
remedied further deposit occurs the pipe 
system. 

filter the dissolved sewage that drawn from the reservoir 
resorted peat with the best results.” 

then describes his and Professor Monari’s experiments with peat 
filtering medium, and mentions several plants this character 
designed him, notably Rome, Turin and 

Gardner, Mass.; Marlboro, Mass., 1892.—Figs. and Plate XVII, 
illustrate the tanks Gardner and Marlboro, Mass., for description 
which the reader referred Rafter and Baker’s Sewage Disposal 


‘in the United States.” 


Wellesley College, Mass., 1892, and Massachusetts Agricultural College, 
Mass., 1893.—Figs. and 10, Plate XVII, are interest 
chiefly illustrating certain types tanks. The former discharges 
intermittently into sub-surface irrigation pipes; the Jatter upon irriga- 
tion beds. 

Champaign, 1897.—In Fig. 12, Plate XVII, shown the Cham- 
Professor Talbot 


septic tank has been operation since 1897, although was 
designed 1895. was outgrowth the writer’s experience 
with the Urbana septic tank, which constructed 1894. The 
ideas for this came from study various settling tanks connected 
with sewage disposal works, the action large cesspools, and the 
‘automatic vault cleaner’ Mouras, described Engineering 
News April 15th, 1882. The Urbana tank was covered with 


Since making the above abstract Professor Paglianl’s work, the writer has 
noticed short article The Engineering Record March 1901, upon Early 
Example Combined Septic Treatment and Filtration Sewage.” 


Engineering News, August 17th, 1899, 112. 
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plank and earth, and had submerged outlet. Observation its 
action proved that material purification the sewage was made, 
and the efficiency the tank has been quite satisfactory. may 
noted that the development the septic tank process Urbana 
and Champaign was made about the same time that Exeter, 
England, the two being entirely independent each other, though 
along much the same 

may well say that this system may used without in- 
fringing any patents. While company claims have patent, 
the principles darkness, non-ventilation, submerged outlet, and 
other features the septic tank have been use long that they 
certainly are not patentable.” 


This brings the present period, and the development 
the modern septic tank and bacterial contact systems sewage dis- 
posal. Some excellent and very suggestive studies have been made 
this field within the last decade, and the actual processes Nature 
are probably far better understood to-day than formerly. Many the 
professedly new principles and devices used are covered patents, 
both home and abroad; yet comparison the actual methods 
used to-day e., the time issue the patents) with those used 
years ago—regardless the different interpretation that now put 
upon the actions and forces called into play those methods—makes 
many the patents appear questionable validity. 

Enough has been said, however, indicate that the following 
processes and operations are old application the field sewage 
disposal, and hence that their use, per se, cannot constitute infringe- 
ment patent rights: 

1.—Sedimentation, shown the work Mr. Austin, Dr. Tanner, 
and many others referred to; 

2.—Reduction and liquefaction the solids, soaps and fats 
bacterial action, hydrolysis, fermentation, maceration, 
etc., slow passage the sewage through tank chamber, 
shown the different types tanks and modified cesspools used 
Paris and the world over, the Mouras’ automatic scavenger, Paglianl’s 
tank, Philbrick’s tank, Croes’ Lawrenceville plant, Talbot’s Urbana 
and Champaign tanks, the Amherst tank, and many others; 

3.—Decantation the liquid and liquefied portions the sewage 
from the tank without disturbing its contents the surface blanket 
sludge deposit the bottom, means the submerged outlets, 
shown the work Mr. Austin, Dr. Tanner and others, Mouras’ 
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automatic scavenger, tank, Philbrick’s tank, Croes’ tank, 
Wheeler’s Massachusetts Reformatory tank, and many others cited; 

4.—Hydraulic sealing trapping submerged inlet and outlet, 
shown numerous examples cited; 

5.—Roof covering, shown various examples cited; 

ventilation, shown certain the tanks used 
Paris, Wheeler’s Massachusetts Reformatory storage chamber, Phil- 
brick’s tank, Croes’ tank, and others; 

7.—Absence ventilation and exclusion light and air, 
Mouras’ automatic scavenger, tank, and others; 


8.— Removal the sludge without draining the tank, 
tank, the Amherst tank, and others; 


Overflow and aeration weir, shown Austin’s tank, 
Croes’ Lawrenceville tank, and others; 

10.—And many other processes and devices lesser importance. 

discuss the recent work, however, beyond the purpose this 
paper. The writer has aimed only present, those interested 
the subject, certain facts, gathered him his investigations, which 
seemed have important bearing upon some the more recent 
patents, well upon certain old patents now being interpreted 
the light modern scientific development, and way never dreamed 
their authors. 

These facts, pertinent, the writer believes them be, must 
have important bearing upon the legal issues likely arise. 
the weight and value the examples cited, the probable validity 
particular patents, the engineer will, doubtless, prefer draw his 
own conclusions. 
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Discussion.* 


the Kinzua Viaduct the writer had hoped that its discussion would 
produce some points value, either practical theoretical 
nature, but this has been disappointed. 

the design had been subjected critical and scientific exam- 
ination, facts would have come light instead opinions. 

While answer the minor objections the critics can found 
the paper, and need not touched upon again, the writer will con- 
fine himself answering more fully the objections which the dis- 
cussors lay the greatest stress, this is, any case, the object 
attained. 

Answers objections the same nature, although raised sev- 
eral discussors, will, course, given but once. 

Some mathematical notes regard the analysis have been added 
order meet the wishes some the discussors and give proof 
certain statements made the writer. 

Although Mr. Buck failed justice the practical part the 
design, the writer gives him credit for his persistent effort, with able 
outside assistance, follow the analysis, but cannot agree with him 
that sufficient data for discussion have not been given. 


from February, 1901, Proceedings. See also November, 1900, Proceedings, 
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previously stated, the writer assumed the reader’s familiarity Mr. Grimm. 
with the principle least work, and engineers acquainted with mod- 
ern analytical methods will find the data sufficient basis for 
thorough discussion. has been stated the paper that wind 
stresses alone would examined, and, course, some analytical 
method. The assumption the points contraflexure the 
graphical method arbitrary, while the analytical method this as- 
sumption not and must not arbitrary. matter fact, 
assumption whatever has been made the analysis that cannot 
proved justifiable; but this point will taken the proper 
place. 

reference the closing paragraph the paper, should 
stated that group members meant either the columns the 
cross-struts, and, although the effect the resulting moments 
change the moments inertia group members between 
rather wide limits quite small, the effect the stiffness the frame 
may may not small. This depends upon how the increase 
the moments inertia effected; if, for instance, increasing the 
depths the struts the columns, then, course, the bent will 
gain stiffness. 

According the figures the stress sheet, there up-lift 
the windward column, erroneously stated Mr. Buck but the 
writer agrees with him the rejection the old anchor bolts. 
Strong bolts should have been used, with superior details, and, there- 
fore, much greater 

Mr. Chicotte laments over both the length the analysis, 
the principal feature the paper, and the shortness the descrip- 
tion the viaduct, but, judge from his vigorous complaints that 
much has been left unexplained the analysis, one led the 
belief that the length and breadth the analytical method far be- 
hind the requirements Mr. Chicotte, and significant indeed 
that his whole discussion centers the bottom transverse strut. Mr. 
Chicotte, conjunction with Mr. Moisseiff and Mr. Buck, objects 
the writer’s assumption the fixity the bents. 

While perfectly aware the fact that connections whatever are 
fixed, the scientific sense the word, the writer, nevertheless, 
unshaken his view that, least the case under consideration, 
this assumption answered all practical purposes. 

the discussion was meant logical, why, then, was not the 
writer questioned with regard the different degrees fixity the 
bents? Why was not questioned about the influence the 
moments the varying heights the bottom stories the towers; 
and, consequently, why was not expected undertake forty sets 
computations instead the five actually made? And why was in- 
quiry made regarding the assumption concentrated wind pressures? 
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Drawing the final conclusions, which Mr. Chicotte from some 
reason ignores, arrive the following results. 

Assuming his figures correct, then the bending stress the 
bottom column the highest bent, according his own data—and 
other members need considered—is increased 600 lbs. per square 
inch, which means that the computed wind stress, Mr. Chicotte, 
could increased 360% before the combined stress from the different 
loadings would reach the elastic limit, not considering the reducing 
effect 8-ft. strut the moments the column. 

While inquiry into the assumption fixity quite proper, 
nevertheless true that Mr. Chicotte has made mountain out 
molehill, and the work spent the bottom strut should have been 
directed toward some more profitable point. 

Mr. Chicotte claims that has worked out the problem for 
himself. The only thing has done consisted trifling additions 
(on account the transverse bottom struts) the writer’s original 
condition equations, and solving them over again. The insufficient 
and partly erroneous general theoretical remarks, together with his 
statements about the points contraflexure, which are bound lead 
erroneous views, fully explain that did not digest the problem. 

solution the problem independent lines would have been 
very welcome the writer for the sake comparing results, but 
such solution has been forthcoming during this discussion. 

The writer agrees with Mr. Lindenthal when questions the ad- 
visability building very high viaducts. viaduct 300 ft. 
height and with spans some and ft. has already passed the 
limits economy and desirability, matter how designed, and, 
the opinion the writer, the present case from purely econom- 
ical point view, its place should have been taken arch. 
spandrel-shaped arch, with its horizontal top chord, could hardly 
considered seriously, neither fit for very long span nor for 
high rise. all the different types arches, the writer, all prob- 
ability, would have selected the most suitable the crescent form, 
the chords which intersect the springing. This form the most 
economical among all the two-hinged statically indeterminate arches, 
and excellently adapted for long span and high rise. With 
moderate temperature stresses combines great uniformity the 
chord stresses, that each chord could built uniform section 
from end end and without any great waste material. The 
approaches could viaducts, the erection the arch effected 
cantilever-fashion, and the trusses given inclined position, 
whereby any amount lateral stability obtained. 

Mr. Lindenthal’s idea, have the Kinzua Viaduct designed last 
for centuries, cannot taken seriously, for very obvious reasons. 
The doubling the traction stresses, Mr. Lindenthal thinks, 
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not warranted the facts. given traction stress corresponds Mr. Grimm. 
longitudinal deflection the top the tower, and, while the play 
the intermediate spans sufficient for the changes temperature, 
entirely inadequate double the traction stresses. 

One his statements connection with this subject reads: 
can bending moment the top the towers worth 
and, few lines below, there the following question: 


does not the bending the towers subject the riveted con- 
nections (of the track girders) their tops large bending strains, 
for which these connections are not adapted 


The writer believes that Mr. Lindenthal will find hard, not 
impossible, give satisfactory explanation for this bare contra- 
diction. 

reversal stresses some parts the towers occurs only uhder 
extreme conditions and rare intervals, that Mr. Lindenthal’s 
apprehensions are more imaginative than real. The change length 
the track stringers, due change temperature 75° Fahr., 
about ins., and, since the structure only about 2000 ft. long, 
Mr. Lindenthal thinks that one dilatation joint each end 
sufficient take care the longitudinal motion, but since fails 
explain what manner these expansion joints are supposed annul 
the effect longitudinal force about 800 tons the viaduct, the 
writer cannot discuss his suggestion. His cloudy views of, and preju- 
dice against, the general design have prompted him criticism 
which not justified the facts involved this case. 

With regard the omission diagonals the transverse faces 
the towers, asks: 

Does that arrangement produce more rigid construction later- 


obvious that deflection diagram the tower bents 
right angles the track would furnish the emphatic answer 


mere dictum not equivalent proof. engineer willearn- 
estly dispute the fact that only entitled extreme judgment 
who combines his practical experience with the most searching 
lytical examination structure, which means its true nature 
disclosed. Mr. Lindenthal has not even given the least demonstra- 
tion any sort, not mention rigid mathematical discussion, 
prove the truth his assertion. 

view these facts the writer rejects the above quoted state- 
ment also other bold but groundless statements, worthless. 

Mr. Cilley complains about the nature the analysis used. 
characterize his standpoint will best quote his own statements 
from different sources. the discussion his paper Indeter- 
minate Frameworks,* expresses himself follows: 


use methods based the principle virtual 


Transactions, Am. Soc. E., Vol. page 426. 
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which result from the principle least work, which simply in- 
tegral form the preceding, the simplest well the most correct 
means determining changes stress and strain indeterminate 
structures. Where such structures exist, and, therefore, must ex- 
amined, the writer most strongly approves the use these methods. 
And designing, engineers will use indeterminate forms, these 
methods are still 


Apparently, his mind has undergone remarkable change 
reference the principle least work, for writes the present 
discussion regarding it: 

What are its merits and demerits working method? may 
asked. may used almost mechanically, and therefore saves 
thought, but the expense understanding. Like most integral 
theorems, sort blanket which hides the details and prevents 
the perception the significance and purpose the procedure.” 


respect the diffusion the principle least work, Mr. Cilley 
quoted from the first-named source, when says himself: The 
writer’s point that while the methods just referred are the best 
known,” but the present discussion speaks the principle 
least work ‘‘a principle little known and less 
ete. 

some illustrations ‘‘almost mechanical” applications 
the principle least work the solution engineer-. 
ing problems. Comments his contradictions are super- 
fluous. 

Mr. Cilley accuses the writer having committed 
error account the integrations for the vertical 
heights instead for the lengths the columns. The 
writer did integrate for the vertical heights for the sake 
simplification, which involved error all that 
sense underlying Mr. Cilley’s remark. Let assume 
beam, loaded its extreme end with horizontal force 
(see Fig. 15). The determination the horizontal 
deflection the direction requires integration for the axis 
the beam, but, the angle not too large, integrate for the 
vertical height for the sake simplification, and while true that 
error has been committed, for all practical purposes, this error can 
neglected being too small considered. the examination 
flat arches, for instance, proceed like manner and use the 
differential instead the element Similar reasons 
prompted the writer perform the integrations did. The same 
misleading statement repeated Mr. Cilley regard the 
unknowns the bents, when says the writer: con- 
sequence his neglect certain factors.” 


15. 


Mr. Cilley seems unconscious the fact that the influence 


axial and shearing forces the final result small compared with 
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Mr. Grimm. that the bending forces, fact widely known that wasting 


time dwell this subject longer. 

will now turn our attention the omission diagonals the 
transverse faces the bents and the deflections the 
treating the latter free standing cantilevers, although, strictly 
speaking, they are not. 

Believing that comparative computation the deflections would 
welcome, the writer examined the deflections due bending five 
different bents, the same are described the paper, and also the 
articulated bent, corresponding its height, 155 ft. 
three-story bent built, but having five stories instead 
three, for obvious reasons (see Fig. 17). 

The wind load is, course, the same for all bents, and equal that 
assumed the paper. 

Each half bent statically determinate; and, the exterior 
forces being all known, the deflection can determined. 

The calculations the deflections proceed from the ‘‘Theorem 
the which expressed follows: The displacement, 
the direction external force, its point application, equals the 
partial derivative with respect the force the work deformation 
the frame. 

Mathematically expressed, the the stiff bent sub- 
jected moments and the articulated bent appear under the 


form 


Equation (2), designates the stress any bar; the length 
that bar; and its sectional area. The other letters Equations (1) 
and (2) have the same meaning the paper. 

The stress can expressed: 

and the partial differential coefficient, with respect any the ex- 
ternal forces, for instance would be: 


the stress any bar the frame, all the exterior forces are 


supposed removed, excepting for which substituted 
force 


The term gives the alteration the length any bar the 


frame, and substitute for this term the play the pinholes, 
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Equation (2) can used determine both the elastic and the non- Mr. Grimm. 


elastic deflection. Fig. the stresses are put brackets. 

The integrations summations, the case may be, must ex- 
tended over the whole frame. 

Since the lengths are given feet and the forces tons for the 
stiff bent, the moments inertia must reduced feet and the 
modulus elasticity tons and the square foot. 

The deflections the tops the five bents, computed from the 
data given the paper, are follows: 


4 Q17 « 13s ins. 


total deflection, elastic and non-elastic, the articulated bent 
while that three-story riveted bent triangular form only 
in. 

The assumed sections the columns the articulated bent are 
the same those the riveted one, but, such frame had been 
built, such sections would have been used; the contrary, the 
column sections would have been much smaller, corresponding 
larger defiection than that ins. 

The deflections compare very favorably indeed with those any 
other form bent, articulated not, and this circumstance due 
its triangular form and deep and very rigid header. 

Every frame has somewhere critical point, that force 
applied this point, will show its least resistance distortion. 

For bent the this critical point the top, and, 
unfortunately for this bent, the top where the principal wind 
forces, well all the dynamic forces, are applied. 

This statement not applicable its full force the present 
bent, because riveted triangular frame shows its greatest resistance 
distortion, forces are applied the apex. 

While apparently evident itself for the critics general, 
requiring demonstration any sort, that triangular bent 
very considerably more than isosceles trapezoid, the 
examination shows this view erroneous. Articulated high 
are capable large swaying motions, were, buta stiff and massive 
triangle, the simplest form bent, with very rigid apex, the prin- 
cipal point application the forces, properly designed, with due 
regard minimizing the bending stresses and the will 
perform legitimate vibrations. 

The wind stresses the transverse diagonals are comparatively 
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small, and decidedly toward the bottom the towers. The ques- 
tions may now asked: really such undertaking, some 
the critics have imagined be, replace these diagonals, with their 
small stresses, massive fixed connections, the same time changing 
the bent, very important and very advantageous step, into triangle? 
And frame few, but very substantial, members not more fit 
stand the effect from the passage trains, than frame very many 
but rather light members? 

the present bents would leave something wish for, that, the 
writer’s opinion, would argument against their use, because 
every design capable improvement. 

Although the workings frame can only judged the 
analysis, Mr. Morison nevertheless clearly recognized the importance 
the principal features this design, when made the statement 
that possible build such structure perfectly secure and, com- 
ing, does, from distinguished engineer, commands respect. 

well-known fact that the requirements economy call for 
the least number substantial members structure, instead for 
multitude slender pieces; and, order make fair comparison, 
bents well towers should compared with respect weight, ease 
and quickness manufacture and erection, etc. 

does not seem need argument show that the sub- 
stitution two compression diagonals for intermediate strut can 
only made expense metal—and point weight would 
still worse two diagonals together with strut were used—since 
the average combined length the two diagonals each story 
about three and one-half times great the length the strut. 
The weight the web members the transverse faces high bents 
ordinary construction entirely out proportion the stresses 
these members, and the weight that mass longitudinal secondary 
bracing used prop prevent the transverse members from col- 
lapse, very large item indeed tall towers. such case, where 
the economy? must also borne mind that the present 
case considerable weight could have been saved, the towers had 
not been built all alike their sections from their tops down. 

While stresses and sections bent, usually built, are entirely 
out proportion, there the triangular form, the whole, far 
better harmony. The intermediate struts the Kinzua Viaduct have 
been built with parallel chords, from practical reasons, giving them 
surplus metal around their centers, where was not necessary. 
These struts not need straight. Fig. shows the highest 
bent with curved cross-pieces, supposed box-shaped, struts and 
brackets all one piece and fork-like the ends, that they can 
take the firmest grip the 

design like this the metal the struts can distributed 
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meet the best possible manner the requirements the Mr. Grimm. 
also quite feasible design true triangle making the longi- 

tudinal axes the columns intersect the horizontal top edge 

the header, the latter cantilevered take the stringers. 

The question whether triangle can designed carry 
double-track railway, best decided investigation the stresses 
and details. 

increase the stability using greater batter involves con- 
siderable outlay money for the usual form bent, but not for 

portal-braced triangle. 
intermediate struts with curved ends were used, shown Fig. 
16, the increase weight these struts would effected length- 
ening the central parts, where the struts are the shallowest, and, 
although the length the columns somewhat increased, must not 
forgotten that the bending moments the frame decrease—as also 
the increase batter, that, the whole, 
greater stability can obtained with the portal-braced triangle 
lesser cost. 
There are two more points not mentioned the discussors. 
Although hear good deal about the statical determinateness 
towers, ordinarily built, they are reality statically indeterminate, 
and even, quite often, highly so. 
Omitting the intermediate struts either the longitudinal trans- 
verse faces, and using each story two crossed diagonals and strut 
top and bottom, have singly statically indeterminate frame, 
and if, besides the diagonals, intermediate struts are used, done 
very often, produce frame that fold statically indeterminate, 
there are stories. 
The second factor dealt with such frame the bending 
stresses due the fixed joints. Asa matter fact, the constructor 
completely ignores the statical indeterminateness his computations 
the simple supposition that non-existent, assuming frictionless 
pins instead fixed joints. 
Although true that some constructors minimize the bending 
stresses skilful designing, others, apparently, not pay the slight- 
est attention them. 

case like that under discussion, all stresses must examined, 
and herein the writer sees advantage. 

The second point deserving mentioned the appearance 

portal-braced triangle, which far ahead that very slim and 

ugly looking tower with its many pieces, impressing one more with the 

huge bird cage than anything else. concluding this dis- 
cussion will necessary add some notes with respect frames, 
the diagonals which have been replaced with fixed joints. 

The frames considered are supposed symmetrical form 
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Mr. Grimm. well distribution material about vertical axis; and the forces 
applied them are assumed act the planes these frames. 

the paper the writer stated that one-story bent, fixed the 
bottom, threefold statically indeterminate structure. Assuming 
for the present that the exact values the three unknowns the top 
story bent were known and these unknowns exterior 
causes applied the bottom story, there would still three more 
unknowns left determined, that have six unknowns all 
for two-story bent. And, general, bent stories has un- 


knowns. The causes which may influence truss this kind are 
follows: 


1.—Bending forces. 

2.—Axial forces. 

3.—Shearing forces. 

4.—Uniform change temperature. 

5.—Non-uniform change temperature. 

6.— Displacements the points application the reactions. 
7.—Misfits the bars composing the frame. 


The condition equation, covering the foregoing seven causes, is: 


this equation: 

direct stress axial force; 

area; 

the coefficient for extension contraction due change 

temperature 1°; 
and temperatures according certain specified as- 
sumptions and laws; 


E=the modulus elasticity, expressing relations between 
longitudinal strains and normal stresses the same 
direction; 

transverse coefficient elasticity, expressing rela- 


tions between distortions and tangential stresses the 
same direction. 


9 
the work the reactions done under the supposition that any 
The first integral refers bending moments, the second 
forces, the third shearing forces, the fourth uniform change 
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temperature also misfits, the fifth non-uniform change Grimm. 
temperature. 
customary case like that under consideration reject any 
possible influences due the causes under and the re- 
causes, under and the bending forces are far the 
most important, the influence axial and shearing forces the 
final results too small considered. few examples may suffice 
Fig. 20, acted upon 
two concentrated loads, 
one each panel point, 
order avoid exten- 
sive calculations, simple 
dimensions have been 
selected, with the assump- 
inertia. will con- Fig. 19. 
sider bending alone. 
Passing cut very closely the left column and applying each 
and each the two fragments, but opposite directions, 
moment, shearing force and axial force (see the equilibrium 
re-established and the six condition equations can written down 
once and solved. 
These six equations are: 
Each these six integrals must 
applied each bar the frame, 
the results added together and put 


equal zero, that, all, six new 
equations are obtained, from which 
the unknowns can computed. 
illustrate the foregoing statement, 
take example the partial differ- 
ential coefficient the work 
deformation the frame with re- 


entirely unaffected, produces 20. 
direct stress bars and and bending bars and 
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Mr. With this have: 


The indices refer the bars, and, under the above assumption, 
The resulting six equations, after performing the computation 
the integrals, are: 
for the unknowns have: 


998° 


396 
“998° 


Fig. shows one the intermediate panel points equilibrium 
under the influence the exterior and interior The small 
indicate the points con- 
traflexure, which, for the struts, 
will noticed, are their 
middle. The compression the 
struts equals one-half the ex- 
terior concentrated loads. 

variation the moments 
columns and 
struts, although course 
encing the bending moments, has 
influence the location 
the points contraflexure the 
struts. But, besides the bend- 
ing forces, the axial forces had 
also been considered, the points 
the struts would have been thrown somewhat out 
their middle. 


the influence bending forces alone examined, procedure 
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perfectly legitimate and answering all practical purposes, and 
known advance that under this condition the points contraflexure 
the struts are their and their compression equal one- 
half the panel point concentrations, very considerable labor 
indeed can saved computing one unknown for each story instead 
three, the writer actually did. Passing vertical cut through 
the center the frame, Fig. 20, and applying and also V,and 
each half the bent, but opposite directions, disregarding the 
moments the cut, moment can pass it, arrive very quickly 
the two equations: 
Solving for and V,, find, before: 
208 


Fig. shows one-story bent the viaduct, loaded with con- 
centrated wind pressure 13.4 tons the top and uniform wind 
pressure Ibs. per square foot the column. 

The influence the bending forces alone will examined. 

Separating the bent cut the end the header, 
and applying the cut and each fragment, but opposite direc- 


tions, moment transverse force and axial force obtain 
the following three equations: 
The values the unknowns are: 
15.8 tons; 7.07 tons; 73.7 foot-tons. 
The point this particular case, moved little 
distance out the middle the header, and this fact due alone 
the influence uniformly distributed wind pressure. 


the bent influenced solely the concentrated wind pressure 
13.4 tons, the three equations will be: 


9253 V+1942 339.5 270 275 
and the unknowns are 

15.2 tons; 6.7 tons; 72.4 foot-tons. 

These are the same results given the paper. The point 
the header its middle, and the compression the 
header equals one-half the wind load. For all practical purposes, 
the concentrated wind pressure will found sufficiently exact. 

The very small influence axial forces, with the consequent shift- 
ing the points contraflexure the cross-pieces out their 


Mr. Grimm. 
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Mr. Grimm. middle shown the next example (see Fig. 22). repre- 
sents hinged bent with cross-strut floor beam rigidly riveted 
between the tops the columns, and acted upon single con- 
centrated force the top. This bent singly statically inde- 
terminate. 


22. 


Let =the width the bent; 

BC; 

=the constant modulus elasticity; 

The condition equation 


The writer’s investigation gave the following result: 


The third term the denominator due the axial 
forces, and, neglecting this influence, Equation (3) becomes 


(4) 
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Equation (3) shows: 


1.—That the influence axial forces small the final results, 
and 


Mr. Grimm. 


2.—That their action the point contraflexure but slightly 
moved out the middle the cross-pieces. 

Equation (4) shows that the point contraflexure the cross- 
piece exactly its middle, axial forces are neglected. two- 
‘story hinged bent has four unknowns, but know advance that 
the consideration bending forces alone, together with concentrated 
exterior loadings the panel points, leads the position the 
points contraflexure the cross-pieces their middle, can treat 
bent singly statically indeterminate structure. 

course, causes other than the axial forces, also change 
the exterior loads, will cause the points contraflexure move out 
the middle the cross-pieces. Investigations like the foregoing 
will lead considerations trusses with diagonals, they canti- 
levers not. 

Much more could written, time permitted, but believed 
that enough light has been thrown the subject the paper 
show that cannot disposed mere opinions assertions, 
without presenting argument evidence. 

conclusion, attention called comparison the analytical 
results with those obtained graphically, which latter are quite useful 
many cases, particularly so, design governed strong speci- 
fications. 

The arbitrary assumption the graphical method, which places 
the points the columns their middle, deprives 
the problem its last trace difficulty, and lowers the mathematical 
treatment the level kindergarten method. 
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FLOW THE SEWERS THE NORTH METRO- 
POLITAN SEWERAGE SYSTEM 
MASSACHUSETTS. 


Mr. Hering. Am. Soc. E.—Papers this nature are 
special value because they add the fund knowledge giving the 
results experiments made large scale field where there 
exact information. very few sewers has the flow been 
carefully gauged, and, for practical purposes, data derived from the 
flow clean water are generally used. is, therefore, especially 
gratifying see paper this subject. The information con- 
tains seems reliable, and, so, certainly useful. 

Presumably, the meter was rated clean water instead sewage, 
and, avoid clogging during the gauging, the meter said have 
been withdrawn every two minutes. trouble gauging sew- 
age the suspended matter catching the wheel and retarding its 
motion. The speaker would like know how far this feature was 
considered, and how far the results obtained can applied other 
cases. 

The lining the sewers was apparently the same both in- 
stances; namely, cement-washed brickwork. Yet the coefficients 


Continued from April, 1901, Proceedings. See 1901, Proceedings, for paper 
this subject Theodore Horton, Assoc. Am. Soc. 
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resistance were different, apparently due the fact that there was Mr. Hering. 


greater rise and fall the water level one case than the other, 
consequently greater accumulation matter adhering the sides 
the sewer and greater resistance the flow. The importance 
the adhering matter affecting the velocity is, therefore, clearly 
indicated. 

The hydraulic slope seems have been assumed being the 
same the slope the invert. What effect was, then, caused when 
the section changed, and was any observation taken this effect? 
Calculating the discharge the prismoidal method unusual but 
very good one. 

The small diagrams show the changes the internal friction 
with age. similar change takes place even with clean water, and 
open channels well pipes. indicates the usefulness and 
rationale having coefficient depending substantially surface 
friction alone, that this change may separately and properly 
accounted for the formula used. curve from the 
known points back the time when the sewer was built, the speaker 
thinks that the curve dropped too low. New brickwork under 
similar conditions does not, rule, give low coefficient, but 
generally ranges from 0.011 0.012, instead from 0.0105 0.011. 
Therefore, would seem better have drawn tangent than curve 
from the last point observation the ordinate representing the cor- 
dition the sewer when new. 

Colorado city the speaker noticed one time large 
accumulation slimy growth attached pipe that when loosened 
Girard Bridge, noticed 4-ft. sewer such coating, consisting 
mycelium, that was more than in. thick the soffit. was soft 
and gelatinous. 


see how well the results obtained Mr. Horton seem agree with 
the results the flow water large riveted steel conduits. That 
say, the first deterioration considerable amount and very 
rapid, and afterward the deterioration seems much slower, but 
continues for years. The speaker would glad learn just why 
thin coating slime should greatly increase thefriction. The fact 
undisputed that the loss carrying capacity due this very 
great, and some cases under the speaker’s immediate notice this 
loss has four years amounted over 20% the original carrying 
capacity; one-half two-thirds this loss probably occurring the 
first year. Mr. Horton’s general results seem show that the same 
true cement-washed brick sewer. 
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HEAVY RAILWAY CONSTRUCTION WYOMING. 


Discussion.* 


Low, Am. Soc. (by letter).—The writer desires 
draw attention some heavy railway construction Virginia, the 
line the Clinch Valley Division the Norfolk and Western Rail- 
road (now Railway). This division extends from Graham, the 
Norfolk-Columbus Division, Norton, the junction with the Louis- 
ville and Nashville Railroad, distance 100 miles. The line 
traverses the mountain region Southwestern Virginia, forming the 
western slope the Allegheny Mountains. Some the mountain 
peaks this section reach altitude nearly 5000 ft. above sea 
level. The line generally follows Wright’s Creek tributary the 
New River), Clinch River, Thompson’s Creek and Guest’s River, the 
two latter being tributaries Clinch River. Very heavy work 
occurs the divides where the line passes from one valley another; 
especially this the case between St. Paul and Colburn. The cost 
the heaviest sections, usually one mile length, round num- 
bers, was follows: Section 57, $100 000; Section 81, $121 000; Sec- 
tion 85, Section 86, $114 000; and Section 89, $153 000. Six 
tunnels, ranging length from 327 ft., occur the sections 
mentioned, hence the large cost. 

discussion (of the paper Boggs, Assoc. Am. Soc. E., printed 


Proceedings for February, 1901), printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 


Communications this subject received prior June 22d, 1901, will printed 


later number Proceedings, and subsequently the whole discussion will published 
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the hundred miles there were sections the cost which Mr. Low. 


ranged from $40 000 $166 000, with total cost 000, 
average nearly per mile, the cost the track not being 
included. 

the writer’s intention, however, mention more specifically 
the construction Sections 35, inclusive, between Pounding 
Mill and Cedar Bluff, where the construction consisted almost wholly 
open excavation and bridging. these sections there are only 
three short tunnels, 155, 437 and 540.5 ft. long, respectively. The 
railway between the points mentioned follows the valley the Clinch 
River, tortuous mountain stream, which cuts its way through 
range limestone hills, known locally Kent’s Ridge. The river 
crossed ten times. Near Pounding Mill five crossings occur within 
half mile; the other five crossings occurring within the last 000 ft., 
near Cedar Bluff. 

The course the Clinch River east Pounding Mill compara- 
tively straight, but the south bank almost perpendicular cliff for 
the distance mentioned. The course the river just west Pound- 
ing Millis very sinuous, the distance between Bridges 1338 and 1342 
(known Crossings 13, Clinch River), measured along the 
center line the railway 700 ft., while the length the stream 
between the same points about 600 ft., nearly three times long. 

previously stated, the river crossed five times about half 
mile. The crossings range from ft. height, between base 
rail and water surface. The bridges are Howe trusses, resting upon 
masonry substructures. For the higher bridges, trestles are used for 
the approaches either side the main span. 

There being practically embankment this 700-ft. section, 
nearly all the material from the excavations had wasted. The 
narrow ridge between Bridges 1340 and 1341 pierced short tun- 
nel known Tunnel No. 

Some the bridges near Cedar Bluff are located curves, the 
others tangents, and T-walls were here substituted for the short 
spans the ends. 

The strata the section mentioned dip the south, the dip rang- 
ing from degrees. This fact largely increased the quantities 
excavation, the cuts, upon being excavated, assumed slopes one 
side corresponding the dip the rock, the excess material beyond 
the prescribed slope lines being literally solid.rock slides—an uncom- 
mon kind slide, 

one case slide this character occurred after the track was 
laid. This was the cut between Bridges 1338 and 1339. One night, 
during heavy rain, the upper side the cut slid in, covering the 
track depth over ft., for length about 400 ft., about 90% 
the slide being composed solid rock. 
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The heaviest work occurred Section 31, where the south bank 
formed almost perpendicular wall over 110 ft. height, from the 
surface the river up. 

Section 33, comprising what was called the Horse Shoe Bend, was 
the lightest. 

Tunnels Nos. and were located curves. the tunnels 
were worked from both ends was very essential that the alignment 
should correct. Previous construction the center line was care- 
fully re-run, measurements being made with steel tapes. 
convenient places outside the tunnel portals, points the center 
line were established, and lines tangent the curve run out inter- 
sections. The tangents were carefully measured, also the long 
chords and versed sines. After all measurements were found 
agree with the theoretical the line was carefully refer- 
enced and construction started. quite needless say that the 
work from each end met, absolutely. 

The price paid for tunnel excavation, proper, was for the material 
only between the neat lines the prescribed cross-section. 
account the inclination the strata passed through, there were 
more less falls, breakage, was termed. The contractors 
were paid for this excess material, beyond the prescribed section, 
price. The percentages this breakage, compared with 
the neat prescribed sections, for the different tunnels were follows: 
No. No. No. per cent. These percentages falls 
may seem large, but were wholly attributable the inclination the 
strata, before mentioned. 

was largely used excavating these tunnels, although 
steam drills were used occasionally. 

The tunnels required timbering, except that short length 
timber lining was put the west portal Tunnel No. where the 
material was subject disintegration. 

There was contract price for foundation, coffer-dams and other 
items connected with bridge foundations. This and other work was 
termed extra and was paid for force account, the contrac- 
tor being paid the actual cost labor and materials, plus for use 
tools and superintendence. 

Each day the contractor furnished the resident engineer with 
itemized statement all the extra work done the previous 
This statement was made out blank forms supplied the railway 
company, and showed detail the kind extra work performed, the 
locality, the number workmen all classes engaged, quantities 
material used, rates pay and material, and the money amount 
for the day. report was made for each piece work. These 
daily reports were duly checked the resident engineer, and all dis- 
crepancies, any, harmonized and corrected once. 
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weekly summary all extra work performed was sent the Low. 
division engineer for inspection and approval, and also for information, 
enable him modify change any particular piece work, 
the expense seemed unreasonable. 

Monthly bills were prepared from the daily reports, each piece 

work being duly itemized and charged the section which be- 

longed; this method being preferred the somewhat usual practice 
converting the amounts into quantities excavation and thus being 
lost view the general result. Table No. gives detail the 
quantities and cost the work. 


TABLE No. 


| 
| 
| 


PEN EXCAVATION. EXCAVATION. 
Cu. yds. Cu. yds. Acres. 


The cost Section No. was $54 000. 

The cost track not included Table No. 

will noticed that large percentage the material excavated 
was solid rock, the earth and loose rock being merely thin coverings 
overlying the solid rock. 

The various percentages the excavation were: Earth, 10.2; loose 
rock, 9.6; and solid rock 80.2. 

The following are the contract prices paid for the various items 


work: 

Earth excavation................ $0.18 per cubic yard. 
Loose rock excavation........... 
Rock-face ashlar masonry........ 
Clearing. and grubbing.......... 30.00 per acre. 
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Mr.Low. These prices were fixed the chief engineer, and were the pre- 
vailing prices for the whole line. 

The cost the explosives for the open excavation was approxi- 
mately and cents for earth, loose rock and solid rock, 
respectively. 

The wages paid were $1.20 per day for who were nearly all 
negroes, and per day for foremen. 
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DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


DOMINIK LINDENTHAL, Assoc. Am. Soe. E.* 
June 1900. 


The cabled news the tragic death Dominik Lindenthal, 
Assoc. Am. Soc. E., June 7th, 1900, Cuba, came his 
family and friends like thunderbolt from clear sky. They knew 
that his health was affected, but they were not prepared fatal 
termination. letter from him, received the day before his death, had 
announced his family his intention return New York July 
1st, and that had already engaged his home passage. 

the time his death was the Manager and Chief Engineer 
the Cuban Steel Ore Company, opening iron ore quarries, and build- 
ing shipping docks and railroad Guama, about miles east 
Santiago Cuba. was not his first work Cuba, having been 
there several times before the surveys and construction different 
railroads. 

had, years before, successfully resisted attack yellow fever, 
and therefore was thought inured the tropical climate. But 
the beginning 1900, began suffer from malarial fever, from 
which obtained temporary relief during business trip New York 
and Philadelphia, May, 1900. that, during the coming 
hot season, his weakened health would not endure the strain the 
great responsibility the important work entrusted him, had 


given notice, the officers the Company, his resignation, which 


had been accepted very reluctantly. returned Cuba the 
middle May merely prepare his work for transference his suc- 
cessor. But immediately after his arrival there had relapse; the 
attacks malarial fever became more severe, and his mind became 
affected. For four days neither ate nor slept, and fit insanity, 
killed himself with revolver, while unwatched. 

was then thirty-four years age, the fairest years mature 
manhood, having been born Bruenn, Austria, the 10th Octo- 
ber, 1866. was the youngest son Dominik Lindenthal, sub- 
stantial burgher and master cabinet maker, who died 1889. The 
Lindenthals belonged that now mostly extinct type German 


Boe 
1- 
k 
oe 
q 
7 
4 
a 
q 
{ 
7 
q 
ve 


burgher families, which the membership the craft guild had 
descended with the old home and traditions from father son for 
generations. 

Dominik, named after his father and grandfather, was first in- 
tended continue the business and family traditions his ancestors, 
and become artistic cabinet maker. But his natural brightness 
and intense desire for study led his being sent college (Staats 
Gymnasium), Bruenn and then Triest, from which was 
graduated near the head the class. was regularly matriculated 
the University Vienna the year 1885 for the study medicine, 
the practice which then looked forward his professional 
the same time complied with his military obligations 
one-year volunteer the Austrian army, which had the 
rank lieutenant. 

Besides his classical studies, had also obtained through his 
elder brother Ernst, Professor Mathematics that time Triest, 
thorough education the physical sciences, and when, the sum- 
mer 1887, was invited his eldest brother then civil 
engineer Pittsburg, Pa., come the United States, came over 
well prepared for engineering career, which then preferred. 

His first experience was the shops the Bethlehem Iron Com- 
pany, Bethlehem, Pa., which entered workman, familiarize 
himself with the practical work the machine shop from the bottom 
up; passed building operations and the construction 
machinery foundations. 

From there stepped into the position leveler and drafts- 
man the Wheeling and Harrisburg Railroad, where was under 
the direction Paul King, Am. Soc. E., Engineer Charge 
Surveys. 

His ability and love hard work caused him selected the 
Juragua Iron Company for the engineering staff, and sent Cuba 
survey and construct railroad and iron ore mines the rugged 
country near Santiago Cuba, where was employed until April, 
1889. 

Returning the United States, the position Assistant 
Engineer the surveys for the that time contemplated, 
the anthracite coal mines the Maryland Central Railroad and the 
Baltimore Belt Railroad, which work was charge John Bott, 
Am. E., Principal Assistant Engineer, under Gustav 
Lindenthal, Am. E., Chief Engineer. 

1890 took charge the construction the 
masonry and superstructure for the McKeesport and Duquesne High- 
way Bridge across the Monongahela River, which his brother Gustav 
was the Chief Engineer. 


From this position, stepped into Division Engineership the 
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extension and double tracking the Lehigh Valley Railroad, from 
Sayre, Pa., Buffalo, under his former chief and friend, 
King, Chief Engineer. this work was employed until July, 
1892. 

the early autumn that year went his second trip 
Cuba, chief party surveyors for the railroad the man- 
ganese mines, for the Ponupo Mining and Transportation Company, 


Santiago Cuba, which work remained until January, 1893. 


Again returning the United States, became Accountant 
Engineer for Coleman, Ryan and Brown, contractors for the new 
Croton Dam, Croton-on-Hudson, where remained until October, 
1895. 

His next position was Accountant Engineer for Brown, 
contractor for the revision and improvements the New York, New 
Haven and Hartford Railroad, Roxbury, Mass. 

all these positions had occasion acquire great experience 
the practical execution work and the handling working forces 
large scale. was highly regarded for his technical ability, 
sterling honesty and untiring industry, which made him his em- 
ployers very valuable man. 

1897 Dominik became assistant his brother Gustav, who 
had the meantime moved his engineering office from Pittsburg 
New York. His skill fine draftsman and designer found ready 
field his brother’s work. 

the fall 1899 went the third time Cuba, again with his 
former chief, Paul King. This was the work for the Cuban Steel 
Ore Company, mentioned the beginning this memoir, and from 
which Mr. King, through ill health, was compelled resign the 
autumn 1899, leaving Dominik Lindenthal his successor. 
was charge the surveys and construction for the railroad, ore 
docks, and the opening the iron ore quarries, when his untimely 
death occurred. 

his immediate family, widow and daughter four years 
survive. 

his employers the deceased was highly regarded for his integrity 
and manliness, and his closer friends for his accomplishments 
educated man. was linguist, who had mastered—in addition 
his native tongue German—English, French, Italian, Spanish and 
Bohemian; and was accomplished performer the piano—a lover 
music. His reticent manner did not invite easy friendship, but 
those friends whom had loved him dearly, and mourn deeply his 
all too early death. 

There was every prospect that, had lived, would have attained 
high reputation his chosen profession for executive ability and 
sound judgment the direction and -organization engineering and 


Yo 


7 
ad q 

in- 

‘ed 
ne, 
nal 

his 

rge 
the 
ril, 

ant 
ed, 
the 
tav 

oh- 
gh 
the 


548 MEMOIR DOMINIK LINDENTHAL. 


construction work, which was more his taste than the designing work 
the office, which was also very proficient. 

was elected Associate Member the American Society. 
Civil Engineers March 4th, 1896. was also Member the 
German Technical Society New York, the reorganization and 
direction which, one the officers, had taken conspicuous 
part. 
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MINUTES MEETINGS. 


THE SOCIETY. 


June 5th, 1901.—The meeting was called order 8.35 M.; 
President James Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, 108 members and visitors. 

The minutes the meetings May and 15th were approved 
printed Proceedings for May, 1901. 

paper Morris Knowles, Assoc. Am. Soc. E., and Mr. 
Charles Hyde, entitled ‘‘The Lawrence, Mass., City Filter: 
History its Installation and Maintenance,” was presented 
abstract Mr. Knowles, and illustrated with the stereopticon. The 
paper was discussed Messrs. Allen Hazen, George Bailey, George 
George Soper. The Secretary presented communica- 
tions the subject from Messrs. Robert Weston and Collins. 
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138 MINUTES MEETINGS. [Society 


Ballots were canvassed, and the following candidates were 
elected: 


MEMBERS. 


Epwarp Hayes, Cohoes, 

Joun Hays, Petersburg, Va. 

Hovey New York City. 
Tokyo, Japan. 
Harvey New York City. 
| 
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Moopy, Lead, Dak. 
ALEXANDER Cleveland, Ohio. 
Pacet, Portland, Ore. 
JaMES THOMAS PARDEE, Cleveland, Ohio. 


MEMBERS. 


AFFELDER, Allegheny, Pa. 

New York City. 

Rosert Cleveland, Ohio. 

Nep HERBERT JANVRIN, Pencoyd, Pa. 

Manna, San Juan, Porto Rico. 

Jay Morrow, Manila, Philippine Islands. 
Harry Noyes, Niagara Falls, 

South Milwaukee, Wis. 

Ernest St. Augustine, Fla. 


The Secretary announced the election the following candidates 
the Board Direction June 4th, 1901: 


WILLIAM ZIPPERLEIN, Philadelphia, Pa. 


JUNIORS. 


Epwarp New York City. 


MINUTES MEETINGS. 


The Secretary announced the death ANDREW 
elected Member June 4th, 1890; died May 15th, 1901. 


Adjourned. 


THIRTY-THIRD ANNUAL CONVENTION, HELD NIAGARA 
FALLS, Y., JUNE 25th, 26th, 27th AND 28th, 


First Session, Tuesday, June 25th, 1901.—The meeting was called 
order 10.45 m.; President James Croes the chair; 
Charles Warren Hunt, Secretary. 

The President called upon George Ricker, Am. Soc. E., 
Chairman the Committee the Engineers’ Society Western New 
York for the Reception Visiting Engineers. Ina brief speech Mr. 
Ricker welcomed the Society the Niagara Frontier, and outlined 
general way the prosperous condition work which engineers are 
interested the vicinity Buffalo and Niagara Falls. 

President Croes delivered the Annual Address. 

The Secretary announced the general programme for the Convention. 

Major Thomas Symons invited any those interested visit 
the harbor works Buffalo, and Mr. Walter McCulloh, behalf 
the Local Committee, described briefly the engineering work 
progress Niagara Falls. 

The business meeting then convened. 


Second Session, Tuesday, June 25th, 1901.—The meeting was 
called order 8.30 President Croes the chair; Charles 
Warren Hunt, Secretary; many members and guests being present. 

Walter McCulloh, Am. Soc. E., entertained the meeting with 
description the The address was illus- 


trated with lantern slides. 
4 


Adjourned. 


Third Session, Wednesday, June 26th, 1901.—The meeting was 
order 10.30 President Croes the chair; Charles 
Warren Hunt, Secretary. 

Discussion the following subjects was called for the President: 


the interests the profession, and the duty its members 
the public, require that only those who are competent allowed 
practice Civil Engineers? 

Under what authority, through what agency, and upon what evi- 
dence competency, should applicants admitted the practice 
Civil 
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The Secretary presented discussion prepared Samuel Whinery, 
Am. E., and the subject was discussed the following: 


was moved, seconded, and carried, that the matter referred 
committee five, appointed the chair, and report the 
next Annual Convention. 

The meeting then took the discussion the second topic, 
follows: 


Steel-Concrete Construction: 


What stress tension and compression should allowed con- 
crete? 


What the proper modulus elasticity concrete? 
Steel-concrete arches: 


should the ratio steel section concrete section, 
and what the best form and disposition the former? 


consideration should given temperature changes 
and consequent stresses? 


are the best proportions for concrete, and what the 
best method placing it?” 


The discussion was opened Buck, Am. E., who 


followed his opening discussion reading paper Leon Mois- 
seiff, Assoc. Am. Soc. 


The discussion the subject was continued the following: 


The meeting then took the discussion the third topic, fol- 
lows: 


The Decolorization Water: When necessary? How may 
accomplished?” 


The discussion was opened Whipple, Assoc. Am. Soc. 
E., and the subject was further discussed the following: 


| 
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motion, introduced Mr. Chester, that committee 
appointed the President report future business meeting 


the advisability adopting standard for turbidity and color water 
was, after some discussion, lost. 


Adjourned. 


Fourth Session, Thursday, June 27th, 1901.—The meeting was 
called order 10.304. m.; President Croes the chair; Charles 
Warren Hunt, Secretary. 

The meeting took the discussion the fourth follows: 


The Consumption Water Municipal Supplies and the Re- 
striction Waste.” 


The discussion was opened Emil Kuichling, Am. Soc. E., 
and was continued the following: 
Dexter Brackett, Am. Soc. 
Joun Jr., Assoc. Am. Soc. 


Resolutions thanks were unanimously tendered the New York 
Central and Hudson River Railroad Company for free transportation 
for the members the Society and their guests between Niagara Falls 
and the Pan-American Exposition Grounds; the Engineers’ Society 
Western New the Niagara Railway Arch Bridge Company 
and the Niagara Falls Power Company. 


Adjourned. 
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BUSINESS MEETING.* 


Tuesday, June 25th, 1901.—At the close the first session the 
Business Meeting convened. President James Croes the chair; 
Charles Warren Hunt, Secretary. 

The Secretary presented the report the Board Direction 
the proposition that Special Committee Standard Rail Sections 

motion, duly seconded, the report was received, the recom- 
mendation the Board Direction adopted, and ballot ordered. 

The proposed the Constitution, the purport which 


place the election all members the hands the Board 


Direction, was presented the Secretary. After discussion was 
decided that committee seven appointed the President, one 
representative from each the seven geographical districts into which 
the Society divided, report the Annual Meeting the Society 
January, 1902. 

The Secretary presented the result the vote the Time and 
Place for holding the Annual Convention The whole matter 
was referred the Board Direction, with power. 

The Secretary announced the appointment the Board Direc- 
tion the following Committee the award prizes for 
the year ending with the month June, 1901: 

Messrs. CHARLES Ernst and Epwarp 

The Secretary announced the death THomas CLARKE, 
Past-President, Am. Soc. E., elected Member, March 18th, 1868; 
Fellow, May 20th, 1872; died June 15th, 1901. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


June 4th, M.—President Croes the Chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Briggs, Haines, 
Knap, Kuichling, Noble, Osborn, Ricketts, Seaman, Turner and 
Whinery. 

The Library Committee was empowered arrange with the New 
York Railroad Club, any similar organization, for one its 


meetings held the Auditorium and Lounging Room only 


the House this Society, experiment. 
report presented the Society the matter the pro- 
posed appointment Special Committee Standard Rail Sections 


adopted. 


For full report, see 144. See 151. 
See 149. See 158. 
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The President was authorized appoint Committee recom- 
mend the award prizes for the year ending with the month July, 
1901. 

The subdivision the Society membership into seven geographical 
districts was considered, and change was made. 


were considered and other routine business trans- 


One candidate for Associate and five for Junior were elected. 
Adjourned. 


June 25th, 1901.—The Board met, required the 
the Annual Convention, Niagara Falls, Y., President Croes 
the Chair; Chas. Warren Hunt, Secretary; and present, also, Messrs. 
Briggs, Knap, Kuichling, Osborn, Swain, Turner and Wallace. There 
being business brought its attention, the Board adjourned. 
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REPORT FULL THE FIRST SESSION THE 
THIRD ANNUAL CONVENTION, INCLUDING THE BUSI- 
NESS MEETING, HELD THE INTERNATIONAL 
HOTEL, NIAGARA FALLS, Y., TUESDAY, 

JUNE 25th, 1901. 


Tuesday, June 25th, 1901, 10.45 M.—President James 
Croes, the chair; Charles Warren Hunt, Secretary. 

The will call upon Mr. George Ricker, Chairman 
the Committee the Engineers’ Society Western New York, 
the reception visiting engineers, welcome the Society Buffalo 
and its vicinity. (Applause.) 

Am. Soc. E.—Mr. President, Ladies and 
behalf the Engineers’ Society Western New York. This 
privilege should have been grasped the President our Society— 
that, sure, will obvious you—but, unfortunately, that 
gentleman, although has reached years discretion, hope, 
very diffident man, and the mere thought facing assemblage 
this size and character, quite frightened him, and assigned this very 
pleasant duty his former assistant; and not the first time that 
duties, pleasant and unpleasant, have been assigned him me. 
(Laughter. 

Since your last meeting Niagara Falls, developments very 
interesting character have taken place the frontier, and next 
perhaps the work Major Symons, who will follow me, believe, 
tell you something his splendid work the improvement 
Buffalo Harbor, think the iron industry, the development the 
production and manufacture iron and steel, will probably the 
most interesting you engineers. The furnaces Tonawanda, 
which were closed during the several years the recent depres- 
sion business have been started again, and are now producing 
their full capacity. Buffalo there have been built, since 1894, 
three furnaces, two that are now blast and have been producing iron 
for several years, and third which has within the week gone into 
blast, this third being furnace. southwesterly corner 
the city, the lake front, another very large plant just started, 
the Lackawanna Iron and Steel Company. know but little 
the plans this company, very secretive, but the newspapers 
have from time time contained statements the effect that they 
would produce many thousand tons iron. But the surest indica- 
tions what they are doing and will the future, are the extensive 
buildings now course construction. contract was recently let, 
informed, for extensive harbor improvements, and some 
furnaces will built this fall. right saying that this 
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company capitalized $25 000 000, you see pretty big 
thing. The operations this concern, together with the others 
which have referred, indicate that Buffalo becoming iron 
center, and the thing for which have been working and fighting 
for You are all more less familiar with the advantages 
that Buffalo enjoys for the production iron and for the distribution 
material. 

Next the iron industry, and aside from the wonderful electrical 
development which has taken place Niagara Falls, and which you 
all know good deal, the electric railroad construction which has 
gone on. the City Buffalo there are, approximately, 200 miles 
railroad track, all which has been reconstructed within the past four 
five years. The light rails, T’s and girders, that were down, have 
been replaced heavy girder rails, and the track throughout almost 
the entire city has been underpinned founded concrete base, 
and think you will agree with me, when you ride over the road 
Buffalo, that makes very good track indeed. The suburban lines 
have pushed out into the outlying territory, and the most import- 
ant these lines probably that connecting Buffalo with Niagara 
Falls. very good line and carrying great many people. 
Another project interest, which has been built since you were here 
last, the road down the Niagara Gorge. think this very inter- 
esting piece work, and hope you will all see before you away. 

Our committee was notified your Secretary that you did not 
want very much the way entertainment, and that 
should not plan very many functions for you. Our privileges 
members were therefore limited, and have tried furnish you with 
such information will assist you seeing Niagara and the Exposi- 
tion. Undoubtedly, you have decided spend good deal time 
the Exposition, apart from the meetings which you will have here, 
and think you will well repaid. have had prepared for you 
maps the City Buffalo, showing the railway facilities, and the 
reverse side the map bird’s-eye view the Exposition. This will 
enable you find your way about the grounds and the various 
buildings. have also had prepared and furnished for you 
special edition the Official Programme the Exposition for the 
several days the Convention, and advised that to-day’s edition 
here ready for your use. 

will not take your time further, but will just conclude 
commending you the prayer that little girl who, when her family 
were about leave for their summer home, said, bye, God, 

behalf the Engineers’ Society Western New York, bid 
you most hearty welcome. (Applause.) 

The gives very great pleasure receive, 
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behalf the American Society Civil Engineers, the very kind 
welcome that the Engineers’ Society Western New York has given 
The President then presented the Annual Address.* 
The President, have been asked many times 
for printed programme the Convention that think perhaps 
will well recite the brief programme that has been arranged. 
hoped this meeting, before adjourn, finish the business 
session the Society. That will leave the entire afternoon free for 


visit the Pan-American. This evening 8.30 Mr. Walter 


will deliver lecture, address, The Bridges Niagara,” illus- 
trated the stereopticon, this room. To-morrow morning ten 
o’clock there will meeting the Society for the discussion 
four professional subjects, which have been already enumerated the 


programmes sent out. 
ends the official programme. 


That, far the Committee concerned, 
this business meeting, the 


meeting to-morrow, fails get through with the business has 
hand, there will adjournment, course, some other stated time. 

might say, also, that to-morrow, about 2.30, through the 
courtesy the New York Central Railroad Company, which the 
Society indebted for the transportation which has been distributed 
all members and their families, but has not yet been used, special 
train will leave here about the hour named. There has been 
arranged, the local Committee Arrangements, reception the 
Society the Temple Music four o’clock the afternoon. 
understand that Mr. John Milburn, the President the Pan- 
American, and Hon. Wm. Buchanan, the Director-General, will 
there speak the Society and welcome it, and have just received 
telephone message from Dr. David Day, Superintendent Mines 
and Metallurgy the Pan-American Exposition, who has invited the 
members the Society and their guests, immediately after the recep- 
tion the Temple Music, visit the Mines Building, which that 


time will closed all others, and reserved for the exclusive use 


members the Society. 


also have one two other announcements, Mr. President, 


follows: 


Y., June 22d, 1901. 


Secretary, American Society Civil Engineers, 


Dear Directors the Niagara Railway Arch Bridge 
desire offer the freedom their bridge the American Society 


Civil Engineers during their Convention this city. 


All members and their guests will passed presentation 


their badges. 


Yours respectfully, 
REYNOLDS, 
Superintendent.” 
Transactions, Am. Soc. E., Vol. xlv, 599. 


— 
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Y., June 24th, 1901. 
Secretary American Society Civil Engineers, 
International Hotel, 

Dear desire extend cordial invitation the mem- 
bers the American Society Civil Engineers and their families 
visit the Power House this Company their convenience during 
the time their Convention this city. 

Visiting hours are from 5.30 week days and 
will honored those attendance. 

truly yours, 
Secretary.” 


Y., June 22d, 1901. 


American Society Civil Engineers, 
International Hotel, Niagara Falls, 

Gruson Iron Works beg call your attention 
their exhibit the Pan-American Exposition, and invite all 
members the Society present the Convention visit this exhibit, 
for which cards have been prepared showing its exact location. 

this the first effort manufacture these turrets outside 
Germany, think the matter will very interesting our mem- 
bers, not alone the military engineers, but the civil engineers well, 
who are included the Society. 

explanations will made those visiting the exhibit 
attendants charge, who will constantly duty all times 
for this purpose. 

respectfully, 
President. 


The will now call upon Major Symons address Invitation 
you. Major Symons, many you know, has charge the Govern- 
ment Harbor Works. 

Symons, Am. Soc. E.—Mr. President, Ladies 
and Gentlemen, our Local Committee was not allowed prepare 
any special plans for your entertainment, and therefore whatever 
can say will rather individual capacity and 
informal way. think can taken for granted that, aside from 
the Pan-American Exposition, the most interesting about 
Buffalo its harbor and the methods doing business therein. 

Buffalo one the great ports the world. stands, think, 
fifth sixth importance the quantity the commodities 
handled. ‘To improve its commercial facilities, the Government, 
through associates and myself, are building the greatest break- 
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Invitation water the world. This breakwater, when completed, will 


almost twice long any other breakwater the world. portion 


(continued). built stone and gravel quite new plan, and has quite 


number unique features. has recently been described Engi- 
neering News. should like have many the members the 
Society choose take look it, and the methods its construc- 
tion. also have had the harbor evidence what the power 
water can do, destroying portion our timber crib break- 
water, which was destroyed last fall the tail end the Galveston 
storm, which came around this way. its present condition 
beautiful illustration what water can do. are going 
repair that putting concrete superstructure new basis. 
Instead being solid concrete, the superstructure will one con- 
crete filled with stone, the concrete giving’ strength, and the stone the 
necessary weight. The arrangement the concrete plant will, think, 
also interest you. 

have boat which will carry comfortably people, and want 
place that boat the disposal the Society, any members the 
Society that choose take arun about Buffalo Harbor see the 
harbor, and the methods transacting business there, and out 
the lake and see the methods building this new breakwater and 
its extent. 

not want formulate any plans for this, but will your 
disposal, and Mr. Prentiss, Mr. Low myself, all members the 
Society, will out with you and explain everything that can. 
think probably the better way will for those who wish 
hand their names, and will take particular pains taking you 
out. (Applause.) 

The President, the souvenir diagram furnished 
the Local Committee, and the official daily programme the 
Pan-American Exposition are now here and ready for distribution 
the close the business meeting. They can had after the business 
meeting adjourns. 


Adjourned. 
BUSINESS MEETING. 


The business meeting will now convene, and 
any who are not interested therein will have leave 
the room they wish so. 

The President announced the first order business the reading 
the minutes the last meeting. 

motion Mr. Crowell, duly seconded, the reading the 
minutes was dispensed with. 

The report the Board Direction the pro- 
posed Special Standard Rail Sections, will read 


Committee Secretary. 
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REPORT THE BOARD DIRECTION PROPOSED 
APPOINTMENT SPECIAL COMMITTEE 
RAIL SECTIONS. 


Board Direction presents the following report, under 
Article VI, Sec. 12, the Constitution, the proposition that 
Special Committee Standard Rail Sections appointed. 


ARGUMENTS 


American Society Civil Engineers has already recog- 
nized this subject proper one for consideration and report 
Special Committee. 

Special Committee, thus authorized, became convinced 
that experience the use steel rails had reached stage which 
standard patterns were not only feasible but desirable, and, accord- 
ingly, August, 1893, recommended series rail sections for given 
weights per yard. 

result the report the Special Committee may 
indicated these two facts: First, that February, 1881, the rail 
mills this country had 188 different patterns which were considered 
standard, and that 119 patterns different weights per yard were 
regularly manufactured; Second, that 1899, six years after the 
publication the report the Special Committee, fully 75% all 
the rails rolled the United States were the pattern 
that report. 

would seem, therefore, that that these sections 
are any respect unsatisfactory should not disregarded, for the 
sections now recognized Standard are modified any respect, 
such modification should have endorsement significance equal 
that given the original sections. 

investigate and report upon engineering matters which 
are general interest the profession, distinctly proper function 
this Society. submitted that report from Special Commit- 
tee Rail Sections should summarize the present state the art 
rail-making, and cover investigation all questions relating 
thereto whether section, composition the material, processes 
manufacture, and that such report, whether recommended 
change any the sections heretofore established not, would 
great value. 


ARGUMENTS AGAINST. 


rail sections recommended the Special Committee 
the Society 1893, have been very generally adopted, and are now 
recognized Standard. 

established standards should not questioned without 
good reasons, and Special Committee should appointed recon- 
sider the present standard sections unless upon evidence change 
section necessary, advisable. 

such evidence has been placed before the Society the 
Board Direction. 

any case does not appear that Special Committee, 
appointed, should limited its instructions the consideration 
proposed changes section alone, questions composition and 
manufacture may quite influential any failure the present 
standard sections meet requirements which may demonstrated. 
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RECOMMENDATION. 


After careful consideration, the Board Direction, believing that 
the reasons favor the appointment the proposed Committee 
outweigh those against such appointment, makes the following recom- 
mendation: 

That Special Committee appointed, provided the Con- 
stitution the Society, for the following purposes: 

report upon the results obtained the use rails the 
sections presented the Society Annual Convention, August 2d, 
1893, Special Committee appointed for that purpose. 

report whether any modification any said sections 
advisable, and such modification. 

report upon the recognized practice chemical com- 
position and mechanical treatment used the manufacture rails, 
and the manner inspection the same. 

report upon the advisability the establishment 
specification covering the manufacture and inspection 
rails. 

found advisable, form specification for 
the manufacture and inspection rails.” 


order the Board Direction. 


Major Symons.—Mr. President, would like state that several 
members have indicated desire out the boat to-morrow 
morning and inspect the harbor, and beg leave announce that the 
boat will leave the foot Main Street, Buffalo, half after nine, and 
will glad take all that will go. the boat will not hold 
them all, will have tug there that will take any more that come. 

The attention has been called the fact that 
the Official Programme for to-day the statement made that there 
and that that statement isia error. That reception will take place 
to-morrow, before stated, four o’clock. 

The there any discussion this recommendation 
the Board Direction? approved the Convention, the 
recommendation will sent out letter-ballot. 

this meeting approve and adopt the recommendations formulated the 
Board Direction. wish say that the subjects covered this 
investigation are certainly very important, and personally, have 
had suggestions from railroad managers, not members this Society, 
urging that such action taken, and think there very 
sentiment this effect among those interested. 

(The motion was seconded and carried.) 

The proposed amendment the Constitution 
next order for consideration. 


The President, the Secretary has received, com- 
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pliance with the Constitution, the following proposed amendment 
the Constitution: 
Article III the Constitution follows: 


prefixing new paragraph, ....1...., read follows, 
viz, ‘1.—Election membership every grade shall the Board 
Direction and respectively hereinafter provided.’ 

striking out the concluding ten words the present para- 
graph numbered and substituting place thereof the 
cations.’ 


inserting the first line new paragraph after the 


first the word ballots,’ the words the election 
Corporate ‘Members.’ Also striking out the word ‘Corporate’ 
before Member the second line and inserting the words ‘of the 
Board’ after the same. Also striking out the three concluding 
lines and substituting therefor, the following, viz, ‘Three more 
negative votes shall prevent election candidate. the case 
election the Board shall once notify the membership. the 
case failure elect the candidate shall notified. either 
case, all the correspondence pertaining thereto shall preserved 
the Board. 
striking out all the present paragraph newly num- 
bered and substituting therefor new paragraph follows, viz, 
case failure elect candidate new application the 
same candidate shall not accepted considered until after the 
expiration one year from the date the ballot which his name 
was last presented for election.’ 
Harrop, 
ere 
ace 
STROBEL, 
the The President, this amendment having been pro- 
posed properly under the Constitution, comes for discussion before. 
that this meeting, and, according the Constitution, may amended in: 
the any manner pertinent the original amendment. amended 
this sert out letter-ballot. not amended sent out sent in. 
have The the one you have just read was 
ment amendment, was not? 
stitution the Society. 
The was the amendment? 


The sir; that was the amendment. 


The there any amendments proposed this 
amendment the Constitution 


Discussion 
Proposed 


Constitution. 
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Foster Am. Soc. E.—Mr. President, before you 
put that question, would say that think the Secretary omitted 
explain another provision the Constitution regard such matters, 
and that that this body need not take any action upon it, other than 
refer committee. The effect the reference committee 
would have the time for consideration deferred; that the Com- 
mittee, under the Constitution, would report upon the measure the 
next meeting the Society, January next year; that beyond 
the advantage discussing the matter here, there would oppor- 
tunity for consideration the Committee and further discussion 
the next Annual Meeting, with the light that the Committee’s investi- 
gation would shed upon it. understand that the subject 
order for discussion now, Sir? 

The 

Mr. wish say, one the signers this proposed 
amendment, that not necessary for say, really, that does 
not emanate from the Board any way, but from some whose ex- 
perience the Board has led them conclude that the interests 
the Society, the standard membership, the character future 
candidates will improved change from the old method which 
this Society has followed since its early years, and will put the 
matter where all the other important affairs the Society are placed, 
the hands the Board. 

has been customary for members sometimes consider the 
Board one part the Society and the membership large 
another part. think that view need not prevail, but the Board should 
considered comprising, representing, that which valuable 
useful the whole membership. They are our representatives 
from all parts the country, from all the territory which cover, 
and they are safely entrusted the first instance with this 
duty. the second place, their position gives them better oppor- 
tunity discuss disinterestedly the characteristics candidates. 
the third place, depend them, anyway, present. 

reading the amendment over you will perceive that, one im- 
portant, and the most important, respect, the methodischanged. All 
the rest contributory that change. that way, the form 
proposed, put the election absolutely the hands the Board. 
But not propose take away the opportunity which now exists 
through the Blue List giving the membership just the same means 
has present for conveying any knowledge may have which 
would tend prove acandidate unworthy election. deemed 
those who have signed this amendment that the Board will 
position get the facts these cases more readily than the 
responsibility rests, present, upon the What 
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this, except what the Board tells when puts name the final 
ballot-list for election? may know some cases, may have 
intimate personal acquaintance some cases, but, rule, 
rely upon the endorsement the Board conveyed that informal 
way putting them the ballot, and vote accordingly. 

Another advantage, think, obtained this amendment, 
would the doing away with the pink ballot. not know how 
many members admire the pink ballot for its color, but think that 
its frequent occurrence our desks has come somewhat monot- 
onous, even from artistic point view, and apart from that color 
can see advantage whatever. was designed remedy 
evil, the evil persecution candidates, but its practical effect has 
been, seems me, simply substitute for the first form rejec- 
tion the second. That say, rejected candidate will always 
for the pink ballot, and the other feature mere formality most 
cases. This would away with that altogether. would place the 
responsibility the election candidate upon the Board; and 
move, Mr. President, that this amendment referred committee 
appointed this meeting, report the next Annual Meeting 
the Society, January, 1902, accordance with the provisions 
Article IX, Section the Constitution. 

(The motion was 

GREEN, Am. Soc. E.—Mr. President, occurs 
that formulating rules governing elections, would well 
provision were made for securing vote from all the members the 
Board, whether they happened attendance meeting not. 
that way the representation the Society would safeguarded 
the members the Board well the Society 
large. should require more than majority those present. Ido 
not know but that the rules are already arranged, that 
expected that they will 

The think this amendment provides for that, Mr. 
President. the intention this amendment provide for 
ballot the Board. 

Mr. does not seem require complete 
sentation the Board for the election members, where, 
opinion, should so. 

The —The motion refer this proposed amendment 
the Constitution committee, report the Annual Meeting 
the Society January, 1902, its advisability. 

The President, understand that they are 
confined the consideration this amendment only? 

The consideration this amendment, take it, 
would involve consideration alterations the amendment. 

Mr. President, can the Secretary read the article 
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the Constitution which covers the appointment such committee? 
think that would clear it. 

(The Secretary read from the Constitution the article covering the 
point question.) 

The the reason asked the question. 
seems that the Constitution would confine that committee 
the consideration the propositions contained this amendment, 
and there are two three things, appears me, from somewhat 
intimate acquaintance with the method elections the Society, 
which ought brought up, but which are not brought this 
amendment. One that will mention that now-a-days candidate 
classes himself before comes before the Society. seems 
that there ought change this, and that when man applies 
for admission the Society, the Board should get all the information 
which now gets after has applied for certain grade, and then 
should notify the candidate what eligible for, and then, upon 
his acceptance, his name should ballot. merely suggest this 
point here show that there are some other things which ought 
considered dealing with this subject. 

Mr. seems that the term 
this committee,” would, committee were appointed, carry with 
the right that committee make any recommendations 
amendments, which would then come meeting. think 
that would the advantage the consideration. noted, 
however, respect the matter that the Secretary has just referred 
to, that the amendment preserves the right the Board classify 
the member with his consent. can readily understand Mr. Hunt’s 
position that better not have but only one 
classification, and that the Board. But that and many other 
details would naturally occur those having experience with the 
matter, and question important this ought have all 
the light shed upon that possible get. was with that 
object view that the proposed amendment was framed that 
could referred committee, that might profit from the 
light which the experience the Board would throw upon it, and 
then when comes the Annual Meeting can have the recom- 
mendations that committee before for whatever further disposi- 
tion see fit make it. 

The take the further consideration the amend-. 
means complete and thorough discussion the whole subject 
embraced the amendment the Constitution, and might involve 
recommendations for changes. that case such changes would 
become the amendment proposed. That language, “recommended 
for further consideration,” opens the whole subject that 
mittee. The motion now that this shall referred 
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committee appointed—the amendment shall referred for 
further consideration committee appointed this meeting. 

that the committee entrusted with power amend. 

Mr. President, would not the meeting itself 
the power make the amendment which might recommended 
this committee? Only the meeting itself could actually that. 

Mr. cannot destroy this amendment. stands 
now must considered, amended, meeting and not the 
committee. 

Mr. occurred that this Society, having the power 
amend, could delegate that power this committee. 
the Constitution interfere with that. 

The will rule that further consideration this 
amendment” would involve recommendation for the rejection 
alteration this amendment. 

Mr. President, think that last clause the last 
article which the Secretary read, would rather indicate that that not 
the intention. 

The Chair rules differently. 

Epwarp Am. Soc. E.—I would like say that 
while have good deal sympathy with the amendment proposed 
and the views the gentlemen who proposed it, seems that 
not exactly the way attack this problem. read the pro- 
posed amendment merely results withdrawing one safeguard 
have against the admission unworthy members; for the Board 
able now, and has, certain knowledge, times past, withheld its 
assent proposed member’s going the ballot-list, and has effect- 
ually kept him out, more effectually than had been voted for, 
because long they refuse put him upon ballot-list cannot 
possibly elected. That recourse which the Society has, and, 
Isay, has used. have now the additional recourse that each man 
can vote against member, for any reason thinks that proposed 
member unworthy admission. sorry make personal 
remark, but have been honored with position the Board Direc- 
tion two separate times, and say with some diffidence, but wish 
say, personally, that the Board Direction not constituted 
that can trusted decide whether proposed candidate fit for 
membership not. scrutiny required which cannot 
given when the committee charged with that happen either regu- 
larly for short time busy, and, result, persons have gone 
ballot who should not have gone ballot, and men have been advanced 
full membership when they were not qualified for it, and one 
man was elected who ought not have been elected, through the care- 
lessness the Committee the Board Direction that was charged 
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with scrutinizing the list; and was carelessness one case, 
‘opose 


Amendment will all see that have right speak it. For that reason, 

think, while better that there should change our Constitu- 

(continued). tion regard this—and more particularly the matter classifi- 
cation, which Mr. Hunt has spoken, and which has given great 
deal think not quite safe adopt the change the 
Constitution that has been asked for. 

Mr. President, think the only question before the 

The the question now. 

think the whole matter one that needs very carefully considered 
and discussed before final action taken. For myself, not know 
how should vote the matter. that some modification the 
proposal offered should made; but means complete dis- 
cussion, think the reference committee wise step, and the 
Chair interprets that this committee has the utmost latitude 
recommendation, their take effect only upon their 
being adopted the meeting, that will open the subject the fullest 
discussion. hope the motion will pass. 

Am. Soc. E.—It seems me, Mr. Presi- 
dent, that the composition and number this committee are some- 
what important considerations, committee appointed, and 
for obvious reasons. seems that would very advisable 
have this committee large one, and have composed, possibly, 
members the Society who had been the Board Direction, 
and who did not reside within 300 miles the City New York. 

The would like ask the gentleman whether 
thinks would well disfranchise the members who happen 
reside within 300 miles New York, whether would better 
appoint committee consisting the same number the sections 
into which the Society divided, and thereby give local representation 
everybody. 

Mr. did not mean disfranchise any member the 
Society, but touched that remark very crucial point. 
the Board Direction, and know very well how 
things go. Ihave perfect confidence the Board Direction, but 
also know very well the feeling the general membership the 
Society, outside the State New York, say, and within certain 
radius. Now,what the use wasting powder, use discuss- 
ing this thing for year two, only get back where are? 
That the reason thought would very desirable have that 
committee composed that way. not necessary disfranchise 
any member the Society order that certain committee may 
appointed, without appointing members from certain sections. think 
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will get the matter most closely and most easily and quickly 
appointing the committee the way suggested. 

Am. Soc. E.—There one point that want 
call attention this matter. Mr. President, the election mem- 
bers this Society, that not think very often considered, and 
that that the procedure followed now certain extent 
ordeal. there are great many engineers this country who 
are worthy members, and should members, but are afraid 
apply under present conditions, because they not think they will 
able have known men apply me, and have 
applied the Board Direction their behalf, ascertain whether 
they thought that was possible for these men become members 
the Society. Personally, know there have been men who were emi- 
nently qualified elected members, but they were diffident—and 
sometimes have diffident men among engineers. Now, diffident 
men are very often the best men, and the procedure have now 
mainly determine the progress and increase applicants that 
direction. 

There also another point want call attention to, and that 
this: There are great many men who are working the profession 
different parts the United States, who are not communication 
with members the Society and are not employed them. The 
result, under the present system, that they have great difficulty 
getting the requisite official endorsement from members the Society. 
remember, personally, one case very estimable young man, 
man highly responsible position, who was fully and properly 
qualified for membership, but who was unable, owing his peculiar 
situation and experience the profession, get endorsement. 
That point, think, which ought also considered. 

Am. Soc. E.—I would suggest, Mr. President, 
that this subject first laid before the committee appointed. 
not think that the time enter into discussion the dif- 
ferent features the proposition; and would suggest that confine 
ourselves the appointment this committee, because time short. 

The question whether such committee shall 
appointed. The definition the number that committee ard 
the manner which they should appointed will come later. The 
question now is, simply: Shall such committee appointed? 

(The President put the question, and was determined the 
affirmative.) 

The how shall that committee ap- 
pointed, and how many shall constitute it? 

that the committee composed fourteen members, two from each 
district, and that they appointed the Chair. 
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Discussion (The motion was seconded.) 
Proposed 


Amendment Past-President, Am. Soc. E.—Mr. Presi- 
dent, move, amendment, that the committee consist five. 
(continued). think that better working number than 14. 
Mr. President, would then move amend Mr. Fitz- 
Gerald’s motion making the number seven. certainly should not 
five. That would one from each district. 
The that accepted Mr. FitzGerald? 
Mr. Mr. President, accept that amendment. 
The moved that this committee consist seven, 
one from each district, appointed the Chair. 
(The President put the question, and declared the motion carried. 
Mr. call for division. rise point order. 
this question that are now voting discussed this 
time? 
The are voting now. think waited rather 
long for that. 
division being had, the vote was—ayes, 78; noes, 14.) 
The question comes, then, the motion 


stands now, that this committee shall appointed, consist seven, 


one from each district the Society; the committee appointed 
the President the Society. 


(The President put the question, and was carried, ayes, 92; noes, 4.) 
Reporton next business the time and place holding 


Timeand the Annual Convention 1902. 
Place for next 


Convention. (The Secretary read the following report this subject): 


York, June 20th, 1901. 
beg report the result the ballot Time and Place for 
holding the Annual Convention 1902. 
Total number votes received for Place, 275. 
Distributed follows: 


Atlantic City, J............. White Sulphur Springs, Va.... 

The following places received votes each: 

Toledo, Ohio. Long Branch, 

Lookout Mountain, Tenn. Colorado Springs, Colo. 

Boston New York. Yellowstone National Park. 

Los Angeles, Cal. Milwaukee, Wis. 

Charleston, Atlanta, Ga. 


Sault Ste. Marie, Mich. 
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The following received vote each: 


Baltimore, Md. Birmingham, Ala. 

Seattle, Wash. Indianapolis, Ind. 

Appleton, Wis. Havana, Cuba. 

Bar Harbor, Me. Kansas City, Mo. 

Houston, Tex. 

Minneapolis, Minn. Canada. 

Lake Champlain. Some Western City. 

Savannah, Ga. Any place east Chicago. 

Salt Lake City, Utah. Some point New England. 
Buffalo, Anywhere North. 

Chattanooga, Tenn. Anywhere South. 

Old Point Comfort, Va. Kansas City St. Louis. 

Great Lakes. Saratoga Springs White Sul- 
Mackinac Island. phur Springs. 

Lake George, Mackinac Sault Ste. Marie. 
City Mexico. Bar Harbor White Sulphur 
St. Paul, Minn. Springs. 

Hotel Kaaterskill, Pittsburg Cleveland. 


number ballots received Time for next Convention, 


No. No. 
Votes Votes 


submitted, 
WARREN 
Secretary.” 


which has received the largest number votes, beg move that 
the subject referred the Board Direction usual for consid- 
eration and action; and connection with that motion wish say 
that quite sure—we all who are Washington and the District 
Columbia and the neighborhood round about—that Washington 
will one the most, and think next year, the most attractive 
place for convention held. Washington had the convention 
nineteen That is, will twenty years next year. Next 


year will the fiftieth anniversary the original organization the 
Society. 
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Washington well recognized already the Convention City, 
with all due respect other cities the country which claim 
that distinction, and that proved the fact that many societies 
hold all their annual conventions there. society, believe, 
neglects Washington altogether, and many them there often, 
they not every year. has grown and doubled interest, 
population and everything else, since this Society was there nearly 
twenty interesting every way, and next year, be- 
sides the engineering interest the Proving Grounds Indian Head, 
the burial place the first surveyor the United States (laughter), 
the Cabin John Bridge, the Washington Monument and other engi- 
neering features, Congress will session next year. That is, 
you know very well, the most interesting and perennial engineering 
ground the United States. (Laughter.) will the longsession, 
and you come there the latter part May you will good 
time not only find the city more beautiful than any other the 
country, but you will also find Congress and all its friends and yours 
there, and the local committee will sure make the whole enter- 
tainment quite fine you will wish. Washington and the District 
Columbia have increased membership the Society. have 
now there resident about members the Society, and Baltimore 
near and has become very respectable suburb, that recog- 
nize Washington. even invite them over our meetings, 
and they come. Richmond not far away, and around about 
have pretty large and respectable representation the membership 
the Society. Iam sure that Washington City would the proper 
place for next year all accounts, and hope the Board Direction 
will select that place. 

Mr. Green’s motion, wish add only few words which will show 
further how far consideration the holding convention next 
year Washington has gone among the local members. Our city 
claims the second largest resident membership any city after New 
York, and meeting the local residents May, who were 
present voted unanimously invite the Society hold its next con- 
vention Washington the latter part May next, and they 
pledged themselves all their power entertain you most 
appropriate and most hospitable way; that you will see preparation 
has already been made for your entertainment. After Mr. Green’s 
eulogium Washington, will only say that there are some very im- 
portant engineering works going there which has overlooked, 
the most prominent which just now the great filtration plant for 
the City Washington, which under way, and may add that there 
are some delightful excursions taken from Washington con- 
nection with the tomb the first surveyor, Mr. Green expresses it, 
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and other points interest. May the month the year, also, 
which planked shad had perfection quality beyond 
anything found elsewhere the United States. 

Mr. Davison.—Mr. President, behalf city that see has 
received few votes, very sorry hear that the Washington 
people have gone far get ready for us; otherwise, would have 
insisted upon your all coming Pittsburg next year. hardly feel 
though should interfere now, and, without consultation with any 
the gentlemen from Pittsburg, think privileged say for 
all them that you should not decide Washington you 
will certainly welcome Pittsburg. town which there 
very little known, and not have much say about what 
are doing down there, but, all the same, you will just welcome 
there any other city seaport town the United States. 
(Applause. 

(The President then put the question the motion that the time 
place for the next Annual Convention left the Board 
Direction, and was determined the affirmative. 

The President, resolution has been handed 
the Secretary. not remember exactly whence came, but 
presumes should read. 

The American Society Civil Engineers learns with satisfaction 
that International Exposition will held the City St. Louis 
1903, commemoration the purchase from France, Thomas 


Jefferson, President the United States, the vast territory known 
the Territory Louisiana. 


matter public information that Congress has recognized 
this exposition project making appropriation five millions 
dollars aid it, and providing for National Commission which 
has been appointed the President, and making additional 
appropriation $250 000 for Government building and exhibit. 

people Missouri have amended their constitution and 
appropriated one million dollars for the State’s participation. The 
citizens St. Louis and the municipality have appropriated ten mil- 
lions dollars. 

success the enterprise being abundantly assured, the 
Society American Engineers hereby declares that does heartily 
approve and endorse this National and International 
tion. The Society declares favor participation said Exposition. 
The Society desires upon record expressing the hope that 
meeting this body may held St. Louis during the progress 
the exposition.” 

presume the gentleman that handed that the Secretary here. 


Mr. President, move that referred the Board 
Direction. 

The would call attention, before voting that, 
the fact, understand from what the Secretary read, mention 
made society which have knowledge. was not this 
Society. the last paragraph. that considered the 


Resolution 
Relative 
Holding 

the 1903 
Convention 
Louis. 
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expression opinion the part the American Society Civil 
Engineers, that Society ought properly designated it. 
The are quite correct, Mr. President. evi- 


dently slip the typewriter. the first paragraph not 
called. 


(The motion was carried.) 

The adjourning, there other business, 
would like say that meeting the Board Direction will 
held this evening immediately after the close Mr. McCulloh’s 
address. 

The President, have been asked the secre- 
tary the Nominating Committee state that there will meet- 
ing that committee held this house the room where the badges 
have been distributed this evening eight o’clock, and request 
that all members the committee hand that time, they 
hope get through with their business one session. 

Mr. not out order, should like ask the 
time has not been stated for that excursion the harbor to-morrow 
morning. think number not understand that the boat 


half-past nine, and the exact time leave here ought 


understood, Ithink. shall not get together again until to-mor- 
row, and think that ought definitely understood and stated 
what time the boat leaves the excursion the harbor. 


Major President, will leave, think better say, 


Major Symons.—I was going ask you announce that the boat 
would leave every morning that the Society here, 
will take many to-morrow morning, and those that cannot 
to-morrow morning, the next morning; and those that cannot then, 


the next morning, any other morning. the foot Main 


Mr. long time 

Major Symons.—It will take about hour hour and half. 

Mr. here 

Major Symons.—Yes, from here. 

Mr. get there? 

Major Symons.—Yes. 

The order that shall not forgotten, want 
call the attention members the fact that to-morrow morning 
hold the last meeting this Convention o’clock. Therefore, 
hope that those who the excursion will the next day, the 
next. (Laughter.) 

The Presipent.—A meeting for the discussion professional sub- 
jects will held this place to-morrow morning o’clock, and 
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those who are interested professional subjects better postpone their 
expedition until the next day. 

The President, have one announcement make. 
the death Thomas Curtis Clarke, Past-President the Society, 
who was elected Member March 18th, 1868. Hewas elected Fellow 
May 20th, 1872, and served President the Society from January, 
1896, January, 1897. 

also have that the following Committee has been 
appointed the award prizes for the year ending with 
the publications June, 1901: 

Charles McMillan, Ernst and Edward Flad. 

Mr. President, there one other thing. Mr. 
the Local Committee, would not present this meeting and 
say few words what there was seen this immediate 
vicinity and how the members more especially interested the 


various works going here might get Mr. McCulloh here 
now. 


Works 
gara Falls. 


requested just point out the objects our city which are 


professional interest. First and foremost think the Power Station 
the Niagara Falls Power Company, which the Society has been 
invited representative that company, the letter having been 
read the opening power house now com- 
pleted, has installed the ten dynamos 5000 H.-P. units each, and 
full working order. Then there also their transmission line 
Buffalo, their transformer station which transforms the current from 
the original dynamo current the transmission voltage. 

Next importance the construction the new wheel-pit, which 
duplicate the first one, with the exception that one unit 
larger. That wheel-pit has been under construction for the last twenty 
months, and nearing completion. adjoining the first power 
house, being the east side the canal. Mr. Brackenridge, the 
engineer the Niagara Falls Power Company, was unable here 
to-day, and asked say that arrangements would made 
that all the members who might come visit the power station would 
properly taken care and shown through. advised that 
should not come too large bodies, because was difficult handle 


body, also, because the large amount current that 


around there, unless people are watched and will follow their leader 
properly, there chance for getting into trouble. not think 
engineers would very apt get into that trouble, though somg- 
times their guests might not realize the danger that there about 
there but everyone will made welcome. the construction 
the wheel-pit, which have charge for the constructing company, 
would glad see you the same way. Just between the hours 
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and our blasting, and that time would not con- 
venient entertain any the guests. (Laughter.) And think 
might not perhaps quite interesting. 

Next importance the plant the Niagara Falls Hydraulic 
Power and Manufacturing Company, which known the Lower 
Power Station, here the brow the bank. They have made en- 
largements their plant which are very interesting indeed. 

Any one interested modern mill construction, factory construc- 
tion, might visit the new plant which has come our city, known 
locally the Perkey Plant, which the factory the Natural Food 
Company, Buffalo Avenue, about two blocks from here, one the 
largest factories the city. 

Next importance the Goat Island Bridge, which being built 
concrete-steel construction. That right behind the hotel, and 
doubt will great interest the members the Society. 

That, think, all that now under construction, works im- 
portance, that have come into existence since the last visit the 
Society here. (Applause.) 

Adjourned. 


The Secretary regrets state that the following cable message was 
received too late presented the meeting, and printed here 
for the information members. 


June 25th, 1901. 
WARREN 


Secretary, American Society Civil Engineers, 
International Hotel, Niagara Falls, 
Greetings from the Antipodes Colleagues and their families, 
and best wishes for successful Convention. 
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THE ATTENDANCE THE THIRTY-THIRD ANNUAL 
CONVENTION. 


The following 317 Members were attendance: 


Abbott, 
Allen, Frank Boston, Mass. 
Allen, Henry Syracuse, 
Archbald, James....... Scranton, Pa. 
Aus, Gunwald New York City 


Chicago, 


Bacon, John Danbury, Conn. 
Baldwin, Fred Bayonne, 
Baldwin, William J..New York City. 
Barnsley, George T....Oakmont, Pa. 
Bates, Onward Chicago, 
New York City 
Belden, Edgar New York City 
New York City 
Benzenberg, Wis. 
Binion, York City 
Bissell, H...... .....Medford, Mass. 
Bond, Edward Albany, 
Bonzano, Philadelphia, Pa. 
Brackenridge, A., 
Niagara Falls, 
Brackett, Dexter Boston, Mass. 
Bradley, Charles W.... Buffalo, 
Braine, New York City 
Breithaupt,W. Berlin, Ont. 
Brendlinger, Narbeth, Pa. 
Briggs, Josiah A......New York City 
Brinckerhoff, H.W....New York City 
Lrooks, Fred Boston, Mass. 
Cleveland, Obio 
Pittsburg, Pa. 
Reading, Pa. 
New York City 
New York City 
Enrique Santiago, Chile 
Burns, Jamestown, N.Y. 
Burrows, George Mich. 
Bush, Edward W....Hartford, Conn. 


Buck, 


Carr, Albert New York City 
Carll, David S....Washington, 


Carter, William J....Cleveland, Ohio 
New York City 
Chase, New York City 
Chester, N........ Pittsburg, Pa. 
Childs, St. Louis, Mo. 
Chittenden, Samuel H., 
East River, Conn. 
Philadelphia, Pa. 
Clarkson, Robt. Pa. 
Cleverdon, Lansing, Mich. 
Codwise, Edward B..Kingston, 
Cohen, Fred Harrisburg, Pa. 
Collier, New York City 
Condron, Chicago, Ill. 
Connor, H...Leavenworth, Kans. 
Cook, John Paterson, 
Cornell, Douglas..... Buffalo, 
Crane, Ste. Marie, Ont. 
Crawford, William Ottawa, Ont. 
Croes, James R....New 
Crowell, Foster New York City 


Davis, Charles- Allegheny, Pa. 
Davison, Geo. Pittsburg, Pa. 
Dean, Luther Taunton, Mass. 
Deyo, New York City 
Douglas, Mich. 
Dunham, New York City 


Edwards, M....... Appleton, Wis. 
Ellis, 

Ellis, John 

Engle, Robert 


Fenkell, Geo. Detroit, Mich. 
Fickes, Pittsburg, Pa. 
FitzGerald, Mass. 
FitzGerald, Leland 

Schenectady, 
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St. Louis, Mo. 
Flynn, Benj. H......Columbus, Ohio 
Ford, William H...... New York City 


Foyé, Andrew Ernest..New York City 
Furber, Wm. Copeland, 


Philadelphia, Pa. 
Francis, Charles..... Davenport, Iowa 
New York City 
Fuller, George W..... New York City 
St. Louis, Mo. 
Gartensteig, Chas..... New York City 
Gatchell, George S..... Buffalo, 
Gifford, George New York City 
Goad, Charles E....... Toronto, Ont. 
Goodell, John M.... York City 
Goodnough, Boston, Mass. 


Green, Bernard Ohio 
Greene, Charles Ann Arbor, Mich. 
Greene, George Jr..New York City 
Griggs, Julian.......Columbus, Ohio 


Hagar, Edward M....... Chicago, 
Haines, Caspar Wistar,. 


Philadelphia, Pa. 
Hanna, John V....Kansas City, Mo. 
Hardee, New Orleans, La. 
Harlow, James H..... Pittsburg, Pa. 
Harrison, W..... Jersey City, 


Hartranft, Wm. Philadelphia, Pa. 
Haskell, Eugene E... Detroit, Mich. 
Haskins, Wm.J...... New York City 
Hatton, Chalkley, 
Wilmington, Del. 
Hawley, George P., 
Shawinigan Falls, Que. 
Hazard, Schuyler......New York City 
Hazen, Allen.........New York City 
Hemming, W...... New York City 
Hering, Rudolph......New York City 
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Herschel, Clemens ... New York City 


Hider, Arthur...... Greenville, Miss. 
Hinds, Frank A.. .Watertown, 
Hodgdon, Frank W... Boston, Mass. 
Horton, Horace E....... Chicago, 
Hotchkiss, W........ Chicago, 


Humphrey, Richard L., 
Philadelphia, Pa. 


Hunt, Charles York City 
Hunt, Robert W... .... Chicago, 


Hutchings, E.....Louisville, Ky. 
Hutton, Wm. R.......New York City 


Irwin, James Albany, 
Johnson, A.L.........St. Louis, Mo. 
Johnson, Lewis E...... Steelton, 


Johnson, Wallace C., 
Niagara Falls, 


Judson, V..... Montgomery, Ala. 
Keith, Herbert C.New Haven, Conn. 
New York City 
Kielland,S M....... Buffalo, 
King, West New Brighton, N.Y. 
King, PaulS..... York City 
Kingsley, W..... Cleveland, Ohio 
Knap, Joseph M...... New York City 


Knowles, Morris Pa. 


Laub, Hermann....... Pittsburg, Pa. 
Lea, Samuel H......... Easton, Pa. 


Leisen, Theodore Wilmington, Del. 
Lewis, Myron H., 
Croton Landing, 


Lindenthal, New York City 


Lynch, Tillman East Pittsburg, Pa. 
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McCulloh, Falls, N.Y. Pardee, James Cleveland, Ohio 
Macdonald, Charles...New York City Parker, McC....... New York City 
MacGregor, New York Parker, W....... Brooklyn, 
McKim, Alex. Rice...New York City Parker, William....... Boston, Mass. 

John D..Cleveland, Ohio Parmley, Cleveland, Ohio 
McLain, L.R..... St. Augustine, Fia. Pegram, Geo. H...... New York City 
New York City Phillips, E..... Washington, 
Maignen, Pa. Phillips, Hiram ...... St. Louis, Mo. 
Manley, Henry........ Boston, Mass. Pierce, Wm. T......... Boston, Mass. 
Marindin, Henry Wm. Anderson..New York City 


Marple, William M..... Scranton, Pa. 
Matcham, Charles A..Allentown, Pa. 
Maury, Dabney H., Jr....Peoria, 


Mayer, Joseph....... New York City 
Melvin, David N.Y. 
Mercer, Charles Steelton, 


Merriman, Mansfield, 

South Bethlehem, Pa. 
Meyer, Henry C., Jr..New York City 
Millard, 
Miller, Hiram Mass. 


Miller, Rudolph P....New York City 
Molitor, Little Rock, Ark. 
Montfort, Louisville, Ky. 
Moore, Charles H......New York City 
Moore, St. Louis, Mo. 
Mordecai, Aug....... Cleveland, Ohio 
Morris, Philadelphia, Pa. 
Moses, John C..... Cambridge, Mass. 
Nagle, College Station, Tex. 
Neumeyer, E...... Bethlehem, Pa. 
Nicholson, Geo. ..Covington, Ky. 
North, Edward P..... New York City 
Noyes, L...... Niagara Falls, 
A........ St. Louis, Mo. 
Erie, Pa. 
Osborn, Frank C..... Cleveland, Ohio 
Ostrander, E...... Mass. 
Owen, James.......... Newark, 


Poetsch, Charles Wis. 
Pratt, William Arthur 


Philadelphia, Pa. 
Oakmont, Pa. 
Randolph, Blacksburg, Va. 
Reynolds, New York City 
Ricker, George A......Buffalo, 
Ricketts, Palmer C....... Troy, 
Roberts, Mass. 
Robinson, W...... Montreal, Que. 
St. Louis, Mo. 
Ryder, Ely Haven, Conn. 
Schneider, C....... New York City 
Seaman, Henry B,....New York City 
See, Horace.......... New York City 
Shryock, G...... Pa. 

Smith, Waldo...... Paterson, 
Snyder, Geo. D.....Williamsport, Pa. 
Spencer, John C...... New York City 
Spooner, New York City 
Smith, Oberlin...... Bridgeton, 
Stauffer, McN...... New York City 
Stearns, Frederic Mass. 
Stevens, F.S........... Reading, Pa. 
Strickler, Clinton, Iowa 
Strobel, Charles L...... Chicago, 
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Strong, New York City Wadsworth, New York City 
Boston, Mass. Wagner, Joseph Pa. 
Symons, Thomas W....Buffalo, N.Y. Walker, W......... Pittsburg, Pa. 

Champaign, Ill. Wallace, Joseph ...New York City 
Thacher, Edwin ..... New York Leonard C..Brookline, Mass. 
Thackray, George E.Jownstown, Pa. Watkins, Fred.W.White Plains, N.Y. 
Thomas, Geo. Chicago, Watson, William...... Boston, Mass. 
Thomson, John...... New York City Webster, William Philadelphia, Pa. 
Thomson, Kennard.New York City Wegmann, 
Thorn, Alfred Buffalo, Wells, Clinton G..... Baltimore, Md. 
Throop, T....Niagara Falls, Whipple, G.C....... Brooklyn, 
Tingley, G.C...... Providence, R.I. White, Beaver Falls, Pa. 
Tinkham, E........ Boston, Mass. Whitted, R.......... Norfolk, Va. 
St, Paul, Minn. Whittemore, F....Hoboken, N.J. 
Tomkins, Calvin..... New York City Wiley, H......... New York City 
Towle, Stevenson..... New York City Williams, Gardner S....Ithaca, 
Trautwine, John C., Jr., Wilkins, Pittsburg, Pa. 


Philadelphia, Pa. 


Van Cleve, Howell, 
Niagara Falls, 
Van der Hoek, J...... Buffalo, 
Van Winkle, Edgar B.New York City 
Vaughan, George Shore, Pa. 
Vredenburgh, Watson, Jr., 
New York City 


Wilson, M....Washington, D.C. 
Wimmer, Mary’s, Pa, 


...... Detroit, Mich. 
Woods, D....West Newton, Mass. 
Worcester, Boston, Mass. 


Wulff, Adolph G....Cincinnati, Ohio 


Zollinger, R.....Philadelphia, Pa. 


The total registered attendance the Convention was follows: 


Members the Society all 317 
Guests, including ladies 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, September 4th, 1901.—8.30 business meet- 
ing will held, which ballots for membership will canvassed, 
and paper, entitled Experiments Detroit, Mich., the Effect 
Curvature Upon the Flow Water Pipes,” Gardner 
Williams, Am. Soc. E., Clarence Hubbell, Assoc. Am. 
Soc. E., and George Fenkell, Jun. Am. Soc. E., will 
presented. 

This paper was printed the May number Proceedings. 


Wednesday, September 18th, 1901.—8.30 this meeting 
paper, Leonard Metcalf, Assoc. Am. Soc. E., entitled 
Antecedents the Septic Tank,” will presented for dis- 
cussion. 


This paper was printed the May number Proceedings. 


Wednesday, October 2d, 1901.—8.30 m.—A business meeting 
will held, which ballots for membership will canvassed, and 
paper Charles Darrach, Am. Soc. E., entitled 
ical Installation the Modern Office Building,” will presented for 
discussion. 


This paper printed this number Proceedings. 


PROPOSED SPECIAL COMMITTEE RAIL SECTIONS. 


July 19th, 1901, notice relative the appointment Pro- 
posed Special Committee Rail Sections, with ballot for voting, was 
mailed each Corporate Member the Society. 

order that may determined whether this committee shall 
appointed not, necessary that total vote not less than 
one-third the Corporate Membership the Society received. 
August 14th, 1901, only 522 votes the appointment this 
committee had been received. One-third the Corporate Member- 
ship 670; consequently, least 148 additional votes will have 
sent before the question can settled. 

the necessary ballot and envelope have been lost mislaid, 
others may obtained applying the Secretary. 
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COMMITTEE PROPOSED AMENDMENT THE 
CONSTITUTION. 


compliance with instructions from the Business Meeting, held 
June 25th, 1901, the Annual Convention, the President has appointed 
the following Members committee report the Annual Meeting 
January, 1902, the Advisability the Proposed Amendment 
the Constitution relating the manner electing members: 


COMMITTEE THE ADVISABILITY ACTION BEING TAKEN 
FOR THE PROTECTION ENGINEERS AND THE 
PUBLIC FROM INCOMPETENT PRACTITIONERS. 


compliance with instructions from the Business Meeting, held 
June 25th, 1901, the Annual Convention, the President has 
appointed the following Members committee report the next 
Annual Convention the advisability action being taken for the 


protection engineers and the public from incompetent practi- 


tioners: 
WHINERY, 


| | 


Affairs. 


CURRENT TECHNICAL LITERATURE. 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(May 9th August 10th, 1901.) 


Nore. 


This list published for the nurpose placing before the members 


the the titles current engineering articies, which can referred 
anu available engineering can procured addressing 


the publication directly, the 
possibie. 


address and price being given wherever 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
Pa., 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. Mon- 
treal, Que., Can. 

Univ., New York City, 50c. 

(7) Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 50c. 

(9) Magazine, New York 


(10) Magazine, New York City, 


New York City, 35c 
(12) The Engineer (London), International 
News New York City, 35c. 
(13) Engineering News, New York City, 


(14) The Engineering Record, New York 
City, 12c. 
Gazette, New York City, 


(16) and Journal, 
New York City, 


(17) New York 


(18) Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 10c. 

(20) Iron Aae, New York City, 

(a1) Engineer, London, Eng- 

(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gaslight Journal, New 
York City, 

(25) Engineer, New York City, 


(26) Electrical London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New England Water-Works 
Assoc., Boston, 75c. 

(29) Journal, Society Arts, London, 

Engiand. 

(30) Annales des Travaux Publics 
Beigique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
seis, 

(32) Memoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie France. 

(34) Portefeuille des Ma- 
Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris. France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(42) Transactions, Inst. Elec. 
New York 

Paris. France. 

(44) Journal, Military Service 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Institute 
Scotland, and 


upon-T 
(60) Municipa Indianap- 
olis, Ind., 25c. 


(61) Proceedings, Western Railwa Club, 
225 Dearborn St., Chicago, 
(62) Manufacturer and 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, England. 
(64) Power, New York City, 10c. 
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LIST ARTICLES. 
Bridge. 


Stiffened Suspension Bridge Steep Incline the Westport-Cardiff Coal Com- 
any’s Mine, New Zealand.* Thomas Harold Rawson, Inst. and George 

Piers Midland Railway Bridge, Shubenacadie River, South Maitland, Nova Scotia.* 

Geo. Thomas. Apr. 
The Substructure Glasgow Bridge over the Missouri River.* (4) 


Apr. 
Which the Best Site for Hudson River Bridge New York? (15) 1%. 
Turntable and Operating Mechanism 360-Foot Swing Bridge.* (14) May 18. 
Highway Bridge Span, Hamilton, (13) May 
Replacing Passaic River Drawbridge. (14) May 25. 
Bridge for Car Floats—New York Central Hudson River Railroad.* 
15) May 31. 
Long Span Bascule Bridge over the Chicago River.* (15) June 
Enclosed Plate-Girder Park Bridge.* (14) 
The Northampton Concrete Bridge, Central Railroad New Jersey.* (14) June 
Swing Bridge Middletown, Conn.* (18) 
Composite Timber Columns. Halbert Powers Gillette. (13) June 
The International Bridge, Buffalo.* (14) June 15. 
Floor System the New East River Bridge.* (46) June 
Substructure for the Fourth East River Bridge, New York City.* (13) June 20. 
Des Moines River Viaduct, Chicago Northwestern Ry.* (13) June 27. 
The Boone Viaduct, Chicago Northwestern Ry.* (40) July (18) July 
The Janesville Bridge.* (14) July 
Construction the Cambridge Bridge Piers. (14) July 
The Boone Viaduct.* (14) July 13. 
Bridge and Culvert Construction the Central (13) 
uly 18. 
Notes Specifications for Bridge and Structural Steel. P.S. Hildreth. (15) July 19. 
The Hay Steel Process and the First Steel Bridge America. (13) 25. 
The Sydney Harbor Bridge, Sydney, New South Wales. (13) July 25. 
oncrete Arch Highway Bridge over the Main Miltenberg, Germany.* 
13) July 25. 
The Longest Span Bascule Bridge Ever Built.* (40) July 26. 
The Quebec Bridge Piers.* (14) July 27. 
Porto Rico.* Edwin Thacher Am. (13) Aug. 
(14) Aug. 
The Brooklyn Bridge Accident.* (20) Aug. 
Broken Suspension Rods Brooklyn Bridge.* (15) Aug. 
Whether Strengthen the Old Bridge Renew (15) Aug. 
New Overhead Bridge, Willett Street, Cleveland,O. Taylor. (18) Aug. 
The Failure the Brooklyn Bridge. (46) Aug. 
Three Great Bridges Across the East River, New York.* (46) Aug. 
Riveted Lattice Truss Drawbridge; Chicago Northwestern Ry.* (13) Aug. 
The Accident the Brooklyn Bridge. Wilhelm Hildenbrand. (13) Aug. 
the Effects Repeated Strains Structures, Exemplified the Brooklyn Bridge 
Fractures. James Howard. (20) Aug. 
Rebuilding Pier No. the Bridge, Georgetown, (14) Aug. 10. 
Les Ponts Métalliques Arcades: Systéme Vierendeel.* (35) Serial begin- 
ning Mar., ending Apr. 
Nouveau Pont sur Rhin, Worms.* (33) May 11. 
Chute par Gauchissement d’un Pont Démontable. (32) 
Cintres Mobiles Employés Baviére.* René Phillippe. (35) July. 
Pont Béton las Segadas, Articulations.* Eugenio Ribera. (36) July 10. 


Electrical. 


The Telautograph. Philip Cardew. (63) Vol. Pt. 

Wireless Telegraphy.* Kintner. (58) Mar. 

Rotary Transformers: Their History, Theory and Characteristics.* George Colles. 
Serial beginning Mar., July. 

The Distribution and Conversion Received Currents.* Henry Gordon Stott. (42) 


Apr. 

The for Measuring Large Direct Currents.* Ryan. (42) Apr. 

Electricity Mountain Mines. (42) Apr. 

Installation, Operation and Economy Storage Batteries.* Ernest Lunn. (1) 

Experiments with Commercial Dry for Secondary Standards E.M.F. Henry 
St. John Hyde. (6) Apr. 

The New Edison Storage Battery. Arthur Kennelly. (42) May. 

The Relation between Voltage and Speed ina Shunt Dynamo. Poynder and 
Wimperis. (11) May 

Electrical Locomotives.* (26) May 

Driving Electricity. (26) May 

Notes Meter Testing. Smith. (26) May 

Modern Telephone Engineering.* .Kempster Miller. (27) Serial beginning May 
ending May 11. 


— 
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Electrical—(Continued). 


The Commercial Variable Speed Motor Driven Lathe.* (20) May 

The Kingsland Mechanical Surface Contact System.* (26) May 10; (47) May 18. 

Test-Room Methods Alternate Current Measurement, Albert Campbell. (26) 
Serial beginning May 10, ending May 17. 

Alternating Current Power Work. Gaylord. (18) May 11. 

Contemporary Electrical Science. (19) May 11. 

Features Pacific Coast Telephony.* (27) May 11. 

Heating Electrical Machinery under Two Regularly Alternating Conditions Load. 
Edwin Rust Douglas. (27) May 11. 

Electric Locomotive and Crane.* (13) May 16. 


Wireless Telegraphy.* Guglielmo Marconi. (29) May 17; (47) Serial begin- 
ning June ending June 


The Edison System Boston—Its Development and Present Status.* Mansfield. 
(27) May 18. 


Simple Diagram Showing the Regulation Transmission System for any Load and 
Power Factor. F.G. Baum. (27) May 18. 
Switchboards. Boyles. (24) May 20. 
Electric Vapor Lamps. (26) May 24. 
Experiments Wireless Telegraphy with the Guarini Automatic Repeater. (26) Serial 
beginning May 24, ending July 12. 
The Power House the Union Traction Company Anderson, Ind.* (14) May 25. 
Electrical Development Manchester, May 25. 
Engineering Workshops. Ralph. (47) Serial beginning May 25, 
ending June 
30. 
Note Humming Telephone.* Gill. (26) May 31. 
Barnes Electricity Works.* (26) May 31. 
Capacity Currents Influenced Frequency.* Mather. (26) May 31. 
The Storage Electricity.* (12) Serial beginning May 31, ending June 
Watt-Hour Meter.* Frank Holden. (26) Serial May 31, ending June 
Notes the Theory Synchronous Motors and Alternators Parallel. Alexander 
Russell. (26) Serial beginning May 31, ending July 19. 
Electrical Wave-Transmission. Pupin. (7) June. 
Return Cables vs. Rail Bonding. Alton Adams. (60) June. 
Storage Battery Sub-Station (Brooklyn Rapid Transit Company).* (17) 
une 
Electric Light and Power Installation Steamer Deutschland.* (27) 
The New Trolley System Glasgow, Scotland.* (27) 
the Angular Displacement Prime Movers. Lionel Fleischmann. 
27) 
Electric Cranes.* (47) 
Electric Ingot Stripper.* (22) 
Electric Lighting and Traction (26) 
Localization High Resistance Breaks. Rymer-Jones. (26) Serial beginning June 
ending June 14. 
Scranton’s New Independent Telephone Exchange.* (27) 
European Study American Telephone Statistics. Touanne. (27) 
Spanning Carquinez Straits with High-Potential Transmission Line.* (27) 
Induction Motor for General Power Service. Ralph Mershon. (27) 
une 
Magnetic Attraction Dynamos Due the Armature and Field being Non-concentric. 
Edgar Knowlton. (27) June 
Auxiliaries. Lamar Lyndon. (27) Serial beginning June ending 
une 29, 
Electric Underground Pumping Plant 800 Horse-Power.* (22) June 14. 
Steam Electric Generating Plant the Glasgow Exhibition. (11) Serial beginning June 
14, ending June 28. 
Storage Batteries Electric Power Stations Controlled Reversible Boosters. 
Highfield. (26) Serial beginning June 14, ending July 
Report the Master Chancery the Peoria Electrolysis Litigation. (14) June 15. 
Chaudiére Falls Power Transmission Plant.* (27) 
Rotary Field Electrostatic Induction Motor.* (27) June 15. 


Dynamotor and Motor Generator for Telephony.* Bliss. 
une 


The Gardner Electric Rock Drill.* (47) June 15. 

The Kensington and the Notting Hill Companies’ Joint Electricity Works.* (26) Serial 
beginning June 21, ending June 28. 

427-Foot Span Electric Transmission Line.* (14) June 22. 

The Largest Electrically Operated Dry Dock inthe World.* (27) June 22. 

Self-Starting Single-Phase Motor without Brushes.* Fischer-Hinnen. (27) June 22. 

Los Angeles Transmission Plants. (27) June 22. 

Testing Large Transformers. Peck. (27) June 22. 

The Mercadier Telegraph.* (11) June 28. 


(27) 
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Electrical—(Continued). 


Paper Making Electricity Millinocket, Maine.* Alton Adams. (27) June 29. 
Wireless Telegraphy. Reginald Fessenden. (27) June 29. 
oncentration Changes the New Battery. E.F.Roeber. (27) 
une 29. 
The Los Angeles 000-Volt Transmission Plant and Electric Railway. (27) June 29. 
The Berliner Telephone Patent Decision. (27) June 29. 
The Ganz Electric Line Valtellina.* (46) June 29. 
Electric Cable Making Great Britain and the Continent.* (10) July. 
and Sub-Station Plant for Electric Traction. Meyer. 
uly 
Tyneside Electrical Power Distribution Plant.* (27) July 
Direct-Current Engineering Practice Germany. Charles Brandeis. (27) July 
The Efficiency Curve Shunt Motor and Its Relation Operating Characteristics 
and the Cost Operation. (27) July 
Incandescent Lamp Economy. (27) July 
from Alternating-Constant Potential Constant-Alternating Current. (27) 
uly 
Test Sprague-Pratt Elevators the Park Row Building, New York. (14) July 
Transmission the St. Louis Suburban Railway.* (17) July 
The Storage Battery Railway Power Station Service. (17) 
Some Electrical Features the Glasgow Exhibition.* (27) July 
True Ground Detector. Varley. (27) July 13. 
The Heating Magnet Coils. Neu, Levine and Havill. July 13. 
Long Distance Transmission. (27) Serial beginning July 13, end- 
ing July 27. 
Notes the Construction and Protection Transmission and Distribution 
Systems.* (27) July 13. 
System, Illinois Central Chicago Terminals and Suburban Service.* 
13. 
The Common-Battery Telephone System the City New York.* (46) 
Requirements Electricity Manufacturing Work. Wm. Aldrich. (14) July 20. 
Ground Lighting the Pan-American and Prior Expositions.* (27) July 20. 
Drop and Reactance Factor Transformers. Kennelly. (27) 
uly 
The Pascal Marino Accumulator. Hibbert. (26) July 26. 
The Rasch Electric Light. (26) July 26. 
The Electrical Plant Philadelphia Newspaper.* J.H. Vail. (27) July 27. 
The Edison Storage Battery. (27) July 27. 
The Great Electrical Installations Italy: The Water-Power Plant Paderno 
Lombardy.* Enrico Bignami. (9) Aug. 
Alternating-Current Power Work. Gaylord. (10) 
Some Notes Electric Light and Power Distribution: The Electric Generator. Daniel 
Mead. (60) Aug. 
Electric Hoists the Comstock.* (16) Aug. 
The Westinghouse Exhibits the Pan-American Exposition.* (18) Aug. 
Wireless Telegraph Experiments between Brussels, Malines and Antwerp. Emile 
Guarini. (27) Aug. 
The Electric Elevator the Washington Monument.* Lewis. (27) Aug. 
Uninsulated Returns Tramway System. John Rider. (17) Aug. 10. 
The Telephone Railway Service. (27) Aug. 10. 
Halsey Direct-Current Meter.* (27) Aug. 10. 
The Series Alternating System.* (19) Aug. 10. 
Groupe Electrogéne 200 Kilowatts Société Alsacienne Constructions 
(33) Apr. 27. 
Etude sur les Installations Exécutées sur Réseau Banlieue Com- 
pagnie des Chemins Fer (36) May 10. 
Unités Multiples des Voitures Thomson-Houston.* 
25. 
Groupe Electrogéne 830 Kilowatts, Crépelle Garand.* (33) 
Chemin Fer Electrique Valteline (Italie); Utilisation directe des Courants Tri- 
Haute Tension.* Henry Martin. (33) June 15. 
Télautographe Ritchie.* (36) June 25. 
Transport Force par son Application Traction sur les 
Grandes Lignes. (36) June 
Traction Unités Motrices Multiples. (36) June 25. 


Marine. 


The Mechanical Equipment the Shipyard. Prof. Biles. (9) Serial beginning 
May, ending July. 


The Port Royal and Port Antonio.* (12) May 

The Thames Steamboat Service. Arnold Hills. (29) May 
Efficiency Marine Boilers.* G.M. Brown. (47) 
The Launch Shamrock (46) May 11. 

Construction the Yacht Constitution.* (46) May 11. 


Affairs.] CURRENT TECHNICAL LITERATURE. 175 


The New Floating Drydock for United States Navy.* (46) June 15. 

The Clarke Automatic Coaling and Weighing Barge.* (13) June 20; (20) June 20. 

Oil-Burning Torpedo-Boat.* June 21. 

The Welin Boat-Lowering Gear.* (11) June 21. 

and Re-armament Ships the Effective List. Lord Brassey. (11) 

une 28. 

Freeboard. Archibald Denny. (11) July 

The Transverse Strength Ships. Bruhn. (11) July 

Floating Dock for the Spanish Government.* July 

the Limits Economical Speed Ships. (12) July 

Solution the Vibration Problem. (11) Serial beginning July 12, 
ending July 19. 

Two the Latest Types Battleships.* (46) July 20. 

New Protected Cruisers for the United States Navy.* (12) July 26. 

Submarine Mines.* (19) July 27. 

The Machinery Torpedo Boats.* Walter McFarland. (10) Aug. 

the Royal Bavarian Line upon the Upper Main River, Germany.* (13) 

ug. 

The Largest Floating Dock the World.* Aug. 

The Turbine Engines the King Edward.* (46) Aug. 10. 

The New Battleship Design Controversy.* (46) Aug. 10. 

Rapport Mission sur Quelques Passages d’Eau d’Angleterre pour Circulation Ordi 
naire.* Pierrot and Van Gansberghe. (30) Apr. 


Mechanical. 


Some Characteristics Waste Packing. Symington. (61) May. 

The Proportions Cylinders for Multiple Expansion Engines. Alfred Hanssen, Assoc. 

The Thornycroft-Marshall Water-Tube Boiler.* (12) May 

Water-Tube Boilers. (22) May 

The Wrightson Coal Shipper.* (22) May 

The Development and Uses Compressed May 

Comparison Between American and British Rolling Mill Practice. Wm. Garrett, 
Am. Soc. (13) May (62) May 

The Davis Core-Drill.* (13) May 

Foundry Molds and Facing Sands. William Irwin. (62) May 

Movable Coal Conveyor.* (15) May 10. 

The Steam Economist.* (14) May 11. 

Gas Power Plant with Electrical Distribution.* (16) May 11. 

The New Mill and Power Plant the Plymouth Cordage Company.* (14) Serial begin- 
ning May 11, ending May 18. 

for with Incandescent Gas Mantles. Frederic Egner. (24) 

13. 

Further Notes Purification Gas. Carpenter. (24) May 13. 

Turret Machine with Large Spindle Capacity.* (20) May 16. 

Centrifugals the Glasgow Exhibition.* (11) May 17. 

Swedish Peat-Fuel Machinery.* (12) May 17. 

Water-Tube Boilers. Griffith. (12) May 17. 

The D’Auria Air-Compressor.* (16) May 18. 

General Principles Pneumatic Transmission Power. (47) Serial beginning May 18, 
ending June 15. 

Purification and Methods Working (Gas) Purifiers. (24) May 20. 

000-H. Westinghouse Engines New York Gas and Electric Light, Heat and 
Power Company.* May 23. 

Machine Shop Practice. Dixon. (62) May 23. 

The Passing the Belgian Rod Mill.* (20) May 23. 

The Hughes Process for Manufacturing Steel Billets.* (20) May 23. 

Traction Engines for Transportation Ores.* Grimsley. (16) May 25. 

30; (47) July 20. 

Inlet Valves and Their Relation the Efficiency and Volumetric Capacity 
Compressors.* Fred. Brainard Corey, Am. Soc. (13) May 30. 

Chain and Chain Gearing.* Charles Piez. (62) May 30. 

The McCormick Foundries.* (20) May 30. 

Keyseaters the Glasgow Exhibition.* (11) May 31. 

The Geometry Engine Balancing. Macfarlane Gray. (11) May 31. 

The Liverpooi Heavy Motor-Car Trials.* (12) May 31. 

The Diirr Water-Tube Boiler.* (12) Serial beginning May 31, ending June 

Simple Method Determining Condition Combustion, Suggestions Working 
Furnaces. Bement. (4) June. 

Boiler Tests with Illinois Coais. Breckenridge. (4) June. 

Actual Efficiency Steam Generation. (9) June. 

Discrepancies Machine Designing. Leicester Allen. (9) June. 

Belting Brown Sharpe Mfg. Co.* 41) June. 

Boiler Corrosion. (41) June. 
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(Continued). 


The Oil and Gas Engine.* (41) June. 

Aerial Navigation: Balloons and Flying Machines from Engineering Standpoint.* 
Octave Chanute. (10) June. 

Superheated Steam. Ernest Foster. (10) June. 

The Smoke from Great City: Some Practical Experience with Preventive Measures. 
Prof. Benjamin. (10) June. 

Goliath Cranes.* Joseph Horner. (10) June. 

American and British Rolling Mill Practice. Why American Competition Successful. 
William Garrett. (10) June. 

Eight Thousand Horse-Power Engines for the Manhattan Power Station.* (64) June. 

The Steam Engineering Power Station the Brooklyn Navy Yard.* (14) 

New Friction Clutch.* Thomas Henry Smith. (13) June 

the Types Gas Engines Most Common Use.* Fritz Lurmann. (22) 

The the Norfolk Refrigerating Storage Company.* (14) June 

120-Ton Steam Derrick Crane.* (47) June 

The Lane Bodley Corliss Engine.* (20) June 13. 

The Howard Axle Works the Carnegie Steel Company.* (20) June 13. 

The Steam Features Electrical Power-House Design. F.W.Dean. (15) 

The Cahall Water-Tube Boiler.* (22) June 14. 

The Liverpool Motor Wagon Trials.* (47) Serial beginning June 15, ending June 22. 


Air Compressors.* Popplewell, Assoc. (47) Serial beginning June 
15, ending July 13. 

Specifications for Fire Pumps. (13) June 20. 

Boiler Furnaces the Alpha Cement Co.’s Works, Alpha, J.* 

13) June 20. 

The Foundry: Its Equipment and Management.* Edwin Gilmour. (20) June 20. 

The Pioneer Fire Brick Manufacturers.* Aloysius Coll. (62) June 20. 

Works and Weir, Limited, Glasgow.* (11) June 21. 

The Sirocco Fan.* (12) June 21. 

Elevator for Smelting Plants.* (16) June 22. 

Boiler Explosions. Dixon. (62) June 27. 

Oil-Engine Trials Cardiff.* (11) June 28. 

British Tools the Glasgow Exhibition.* (12) June 28. 


Steam Generator: New Type Water-Tube Boiler.* Henry Morris. 
July. 


the Science Steam-Making. Parker. (2) July. 

Tests Non-Conductive Coverings for Steam Pipes. Prof. Jacobus. (6) July. 

The Efficiency Marine Boilers.* G.M. Brown. (10) July. 

Steam Engineering Paper and Pulp Mills. William Ennis. (9) July. 

Some American Turret Lathes.* Peter (10) July. 

Ball Bearings vs. Roller Bearings.* (41) July. 

Comparative Tests Made with Chimney and Mechanical Blower Drafts. (64) 


Standard Engine Tests. (64) July. 

The Huber System Shaping Metal Goods Hydraulic Pressure.* (20) July 
The Schmidt System Superheating. (47) July 

The Steam Shovel and Its Uses.* Waldon (62) July 

Some Differences between British and Continental Gas Engineering. (24) July 
The Future Acetylene (24) July 

The Sittman Screw Machine.* (20) July 11. 

Tests Radiators with Superheated Steam. (14) July 13. 

Simple Hydraulic Air Compressor.* (16) July 13. 

Dunlop’s Variable-Expansion Cam Gear for Gas Engines.* (47) July 13. 
Gas Pressure Means Waste Heat.* C.Scott-Snell. (24) July 


o. 
The Stanley Works Newark. (11) July 19. 
The Mechanical Handling Coal Ore and Pig-Iron.* (22) July 19. 
The Economy Condensing Engines. W.H. Booth. (26) July 19. 
The Stirling Water-Tube Boiler and Duff Gas Producer.* (47) 
uly 20. 
Iron Foundry.* C.C. Macmillan. (47) Serial beginning July 20, ending July 
The Santos-Dumont Navigable Balloon.* (12) July 26. 
The New Tips Penarth Docks.* (22) July 26. 
Ore-Handling Machinery the American Great Lakes.* James N.Hatch. (9) Aug. 
the Capacity Test Boiler-Plant Operation. George Hooper. (9) 


ug. 

Utilizing the Sun’s Energy. Robert Thurston. (10) Aug. 

Machine Moulding. Joseph Horner. (10) Aug 

Pneumatics: Some Facts and Figures Compressed Air. (10) Aug. 
Power Steam. Dixon. (41) Aug. 

Moving Cylinder.* (64) Aug. 

Water Engine Cylinders. (64) Aug. 

The Engines the Pan-American Exposition.* (64) Aug 


} 
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Mechanical—(Continued). 


Oilas Fuel. Wm. Kennedy. (24) Aug. 
the Rate and Time Set Cement Mortars. Edgar 
ay. (13) Aug. 
The Josse Waste Heat Engine.* (27) Aug. 10. 
The Santos-Dumont No. (19) Aug. 10. 
New Form Charter Gas Engine.* (19) Aug. 10. 
Automobilisme: Etude sur les Changements Vitesse. (36) Serial be- 
ginning Apr. 10, ending Apr. 25. 
Compresseur d’Air Compound Actionné par Moteur Electrique. (33) Apr. 27. 
Machine Vapeur Verticale, Quadruple Expansion.* (34) May. 
Nouvelles Voitures Automotrice Air Comprimé Compagnie Générale des Omni- 
bus Paris.* Pierre Guedon. (34) May. 
Chaudiéres Marines. (36) May 10. 
Turbine Vapeur Parsons.* Duchanoy. (33) May 18. 
Les dans Construction des Chaudiéres Tubes Walckenaer. 
37) June. 
Vapeur Quadruple Expansion Charles Bourdon.* Gabriel Eude. (33) 
une 8. 
Utilisation Directe des Gaz des Hauts Fourneaux dans les Moteurs Explosion.* Aug. 
Dutreux. (33) Serial beginning June 22, ending July 13. 
L’Emploi dans les Moteurs d’Automobiles. (33) June 29. 
Usine Billancourt pour Production Comprimé.* Boéto. (33) July 20. 


Metallurgical. 


The Latest Belgian Blast Furnace.* (62) May 
Description the Bessemer Shop and Heating Pits the Barrow Hematite Steel 
Company’s Works, Barrow-in-Furness. While, (22) May 10. 
Water-Cooled Blast Furnace Bosh. (22) May (11) July 12. 
Pyritic Smelting. Herbert Lang. (16) Serial beginning May 11, end- 
ing May 18. 
New Vacuum Tuyere.* (22) May 17. 
The Titanium the Properties Cast Iron and Steel. Auguste Rossi, 
Am. Inst. Min. May 30. 
The Heat Treatment Steel. (15) May 31. 
Britain and Her Competitors Iron and Steel Making. Phillips. (9) June. 
Utilization the Wastes from the Use White Metals. Joseph Richards. (3) Serial 
beginning June, ending July. 
The Elmore Concentration Process.* (16) June 
June (62) June 
The Properties Steel Castings.* John Oliver Arnold. (11) Serial beginning June 
ending June 14. 
The Extraction Company’s Mill Florence, Colorado.* John Rothwell. 
16) June 8, 
Machine Cast Foundry Pig Iron.* Albert Ladd Colby. (20) June 20. 
Auriferous Mispickel Ores Deloro, Ontario. Kirkegaard. (16) 
une 
The Treatment Low-Grade Iron Ores for the Smelting Furnace.* Thomas Grier- 
son. (47) June 22. 
Power the Manufacture Iron and Steel. (11) 
une 28. 
The Manufacture Iron and Steel Cane Breton.* P.T. McGrath. (9) July. 
Waste Heat and By-Products from the Blast Furnace: Some Means Utilizing Them. 
William Whitwell. (10) July. 
Foundry Metallurgy. Field. (13) July 11. 
The Tropenas Steel Process. (15) August 
Open-Hearth Steel Melting Furnaces.* (19) August 
The Schwartz Melting and Refining Furnace.* (20) August 
Procédé Elmore pour Concentration des Minerais.* (33) May 18. 
Traitement des Minerais d’Or par Cyanuration dans les Usines (Trans- 
vaal). L.Gautier. (34) June. 
Les Fours Siemens-Martin Oscillants.* Ch. Dantin. (33) 
Military. 
xiv, Pt. ii. 
Machinery for the Manufacture Smokeless Powder.* Oscar Guttmann, Inst. 
(63) Vol. Pt. 
The Development the Mode Ignition Small Arms and (12) Serial 
beginning May 10, ending July 19. 
Gathmann 18-Inc Gun.* Emil Gathmann. (46) May 18. 
Government Tests Maximite Sandy Hook.* (46) May 25. 
The Development Smokeless Powder the United States. F.A. Willcox. (11) Serial 
beginning May 31, ending June 14. 
Capped Armor-Piercing Projectiles. (11) 
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The Automatic Gun and Its Military Aspects. Cecil Hamelin Taylor. (3) Serial beginning 
July, ending August. 

The U.S. 16-In. Breech-Loading Rifle.* (13) July 25. 

Vickers’ Gun-Mounting Works Barrow-in-Furness.* (11) July 26. 

The 16-Inch Breech-Loading Rifle.* Waldon (62) Aug. 


Mineral Industry British Columbia. Brewer. (16) Serial beginning Jan. 19, 
ending June 22. 


Gold Mining and Milling Western Australia.* A.G.Charleton. (9) Serial beginning 
Feb., ending June. 


Creek Mining Camp, Lillooet Mining District, British Columbia.* (16) May 


The Frongoch and Lead Mine, Wales.* (16) May 18. 

Some Defects Timbering Underground.* (22) May 24. 

Rescue Apparatus—An Analogy between Military and Mining Methods.* (22) Serial 
May 24, ending May 31. 

Failure Safety Lamps. James Ashworth. (45) June. 

The Arragon Mine Norway, Mich. Dickenson. (45) June. 

Improvements Coal Mine Operation. William Irwin. (62) June 

Present Mining Conditions the Transvaal.* (16) June 

Copper Mining America.* (46) June 

The Quicksilver Mines Brewster County, Texas.* (16) June 15. 

The Crow’s Nest Pass Coal Mine.* Corliss. (16) June 22. 

The Port Royal Mine Explosion.* (16) June 22. 

Explosives Coal Mines. (22) June 28. 


Gold Dredging Operations California.* (16) Serial beginning June 
29, ending July 13. 


Mining the Klondike* A.J. Bowie. (45) July. 
Mine Locomotives: Electricity vs. Compressed Air. Clarke. (45) July. 

Mine Surveying Problems. W.E. Gordon. (45) 
The Management and Control the Colliery. William Blakemore. (9) Serial begin- 
ning July, ending August. 
The Best and Most Economical System Working Coal Seams Moderate Inclination 

Wales.* Ralph Hawtrey. (22) July 
The Great Oil Well near Beaumont, Texas.* Anthony F.Lucas. (62) July 11. 


The Installation New Colliery the Compagnies des Mines d’Anzin.* Darphin. 
(22) July 12. 


Enclosed Motors for Mines.* (22) July 12. 
Self-Acting Haulage inFifeshire. Philip Hodge. (22) July 19. 
Vein Structure the Reynold’s Mine, Georgia.* Collins. (16) July 20. 


Notes Descriptive Mine Haulage and Haulage Roads Collieries Northumberland. 
John O’Keefe. (22) July 26. 


Zine Mining the United States: The Joplin Mineral District Missouri.* Day Allen 
Willey. (10) Aug. 

Steel Self-Dumping Skip.* Irvin John. (16) Aug. 10. 

The Verde Mining District, Arizona.* John Jewett. (16) Aug. 10. 

Emploi Congélation dans les Travaux Terrains Aquiféres: Puits 
No. Mine d’Auboué. (36) Apr. 25. 

Miscellaneous. 


The Precision the Slide Rule. Louis Derr. (7) Mar. 
The Flow Semi-Fluids through Orifices. Willis Whited. (58) Apr. 


the Engineering Difficulties Attending Proper Inspection Cement. Cole- 
man. (1) May. 


Over-Specialization Scientific Education. (26) May 
The Solar Motor Pasadena, Cal.* Alfred Davenport. (13) May 


The New Schedule Fees German Architects and Engineers. (14) Serial beginning 
May 18, ending May 25. 


The Use Calculating Machines. Chas. Holden. (13) May 30. 

June. 

The Tractive Horse Power Vehicles. W.F.D. Crane. (27) 

The Coal Problem; Its Relations the Empire. Carlyon Bellairs. (29) June 

The Appraisal Plants for Public Services. Nicholas Hill, Jr. (14) June 

(13) July 

What Extent and What Direction Desirable for Professor Engineering 
Accept Engineering Employment? Frank Allen. (15) July 19. 

Engineering Education. W.G. Raymond. (15) July 26. 


Municipal. 
Construction the Ontario and Berri Street Subways, Brock Street Tunnel, and Notre 


Dame Street Viaduct.* Stuart Howard, Can. Vol. xiv. Pt. 


Road Construction and System Control. Can. Soc. (5) 
Vol. xiv, Pt. ii. 
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Automobiles and Their Relations Roads. (14) May 11. 

Parking Wide City Streets.* Robert Johnson. (13) May 16. 

Curb-to-Curb Street Sprinkler for Use Electric Railways.* (13) May 30. 

Tunnels for Gas Conduits.* W.W.Cummings. (1) June. 

Tar Macadam Used Hamilton, Ontario.* Fred Warren. (60) June. 


the Continuous Repair System the Most Economical for Macadam Roads? Halbert 
Powers Gillette. (13) June 


The Location Business Streets through Large Parks. (14) June 29. 

Municipal Notes Cincinnati.* (13) July 11. 

The Third St. Concrete and Brick-Lined Tunnel, Los Angeles, Cal.* Quinton, 
Am. Soc. (13) July 18. 

Earth Roads and Earth Work.* Halbert Powers Gillette. (13) July 25. 

The New Riverside Viaduct, New York.* (46) Aug. 


Railroad. 


The Metropolitan Terminus the Great Central Railway.* George Andrew Hobson 
and Edmurd Wragge, Members, (63) Vol. exliii, Pt. 
Western Railway Club: Report Committee the Revision the Rules Inter- 
Cars and Report the Committee Revision Passenger Car 
ules. Apr. 
Mechanical Traction Paris. (12) Serial beginning Apr. 19, ending June 14. 
Passenger Oil-Burning Engine Claud Hamilton, Great Eastern 
(21) May. 
Friction and Its Effect Wheel Flange Resistance.* Willis Squire. 
May. 
The Trans-Siberian Railway.* (11) Serial beginning May ending May 31. 
Passenger Engines; Southern Pacific Ry.* (13) May 
Rail Cars and 38-Ft. Gondola Cars.* (13) May 


Copper Steel Rails and Plates. Stead and John Evans. (22) 
May 10. 


American Locomotives and Railway Wagons for Export.* (12) May 10. 
Track Elevation Chicago: The Eighteenth Street Section the Chicago Alton, 
Santa and Illinois Central Lines.* (40) May 10. 
Pere Marquette Locomotives.* (40) May 10. 
The Eastern Terminus the Chinese Eastern Railroad. (15) May 10. 
Elkhorn Tunnel—Norfolk Western Railway.* Charles Churchill. 
15) 


eel Wide Fire-Box Locomotive for the Wisconsin Central Railway.* (15) May 


The Vanderbilt Locomotive Boiler.* (15) May 10. 

Three New Brooks Locomotives.* (18) May 11. 

Repairs Bent Steel Car Bodies and Trucks. (18) May 11. 

The Problem All-Rail Transportation across the Hudson River 
Buchholz, Am. Soc. (13) May 16. 

Specifications for Steel Rails. Webster. (13) 16. 

Rail for Tramways: Leon Francq’s System. (22) May 17. 

45-Ton Box Car the American Car Foundry Co.* May 

The Engineering Department the New York Central.* (15) May 17. 

The Lighting Railway Cars. Geo. Shepardson. May 17. 

Inspection the Manhattan Elevated Railway. (40) May 17. 

Railroud Depot Street Shed Des (14) May 18. 

Alabama Vicksburg Improvements Vicksburg, Miss.* (18) May 18. 

Heavy American Passenger Locomotive with Wide Firebox.* (47) May 18. 

The Proposed Irish Channel Tunnel.* (13) May 23. 

Revenue Train Load and Large Cars. (15) May 24. 

Heavy Ten-Wheel Passenger Locomotive the Cleveland, Cincinnati, Chicago St. 
Louis Ry. (15) May 24. 

Keeping the Journals Heavy Locomotives Cool. (15) May 24. 

The Kincaid Locomotive Stoker.* (15) May 24. 

Isle Thanet Light Railway.* (26) May 24. 

Pittsburg Locomotives for Indian State (40) May 24. 

Novel Seating Arrangement—Observation Car San Francisco.* (17) May 25. 

New Roundhouse for the Pittsburg Lake Erie.* (18) May 25. 

Corrugated Cylindrical Boiler and the Vanderbilt Tender.* (18) May 


Some Features the New York Rapid Transit Tunnel.* (46) May 25. 
The Making Railroad Ties. Aloysius Coll. (62) May 


30. 
Freight Locomotives for the Chicago, Burlington Quincy (13) 


Coal Terminals the Norfolk Western Railroad.* (20) May 30. 


Vanderbilt Locomotive and Central Railroad.* (15) May 31. 
The Kumasi Railway.* (11) May 31. 


Richmond Locomotives for Finland.* (40) May 31. 
Six-Coupled Compound Express Engine, Mediterranean Railway Italy. (12) May 31. 
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Locomotive Design. F.J. Cole. (25) June. 

The Maintenance Air Brakes Freight Cars. Rhodes. (25) June. 
Economical Train Speeds from the Fuel Standpoint. (25) June. 
New Ventilating System for Passenger Cars, Pennsylvania Railroad.* (25) June. 
Wide Fireboxes for Soft Coal. (25) June 

Locomotive Coal Consumption. M.N. Forney. (25) June. 


Extensions, Atchison, Topeka Santa Railway.* Sanderson. 
25) June. 


Link Motion and Piston Valves. (25) June. 

Best Type Engine for Heavy Fast Passenger Service. Gaines. (25) June. 

Grate Areas for Burning Culm. Lloyd. (25) June. 

Air Pump Exhaust for Passenger Train Heating. (39) June. 

New Steel Passenger Car Truck.* (39) June. 

Glasgow’s Tramway System.* (17) 

Recent Work The Los Angeles Railway.* (17) 

Improvements the Cleveland Electric Railway.* (17) 

Handling Pan-American Exposition Crowds the Buffalo Railway.* (17) June 

Turn-Table Driven Compressed Air.* (47) 

Express Engine, London, Brighton, and South Coast Railway.* (12) 

Pittsburgh Lake Erie Station Pittsburgh.* (15) 

Railroad Test Car the University and the Illinois Central Edward 
Schmidt. (15) June 

The Removal Cable Traction from New York.* (17) June 

Holbrook’s Spiral Curves. Holbrook. (13) June 13. 

The Design Arch Culverts. Daniel Luten.* (13) June 13. 

Steel Car Building. John Hansen. (15) June 14, 

Intercolonial Locomotives with Cleveland Cylinders.* (15) June 14. 

The Basis Engine Rating. Eaton. (15) June 14. 

Improved Cast-Steel Locomotive Frame.* Robert Galbraith. (15) June 14. 


Brake Shoes. Parke. (15) Serial beginning June 14, ending 
une 21. 


New Passenger Station Chicago.* (40) June 14. 

Wide Firebox Locomotives; Some Account the Development the Direction In- 
creased Grate Surface.* (40) June 

The Modern Steel Car.* (40) June 14. 


Copper Steel Rails and Plates. Stead and John Evans. (11) 
une 14, 


American Locomotives England. (12) June 

The Sullivan Square Station, (14) June 15. 

Tha Transportation Exhibits the Pan-American Exposition.* (17) Serial beginning 
June 15, ending June 

100 000-Lb. Ore Cars, Chicago, Milwaukee St. Paul Ry.* (13) June 20. 

New Passenger, Dining and Observation Cars.* (13) une 20. 

Present and Future Chilled Cast-Iron Car Wheels. William Fawcett. (13) June 20. 

The Pressed Steel Box Car.* John Hansen. (20) June 20. 

Practical Tonnage Rating. George Henderson. (15) June 21. 

Burning Crude Oil Locomotives. (15) June 21. 

Car Lighting Acetylene Gas. Smith. (15) June 21. 


Power Equipment for Railroad Shops.* George Damon. Serial beginning June 
21, ending June 28. 


Some Effects Poor Rail Bonding.* (14) June 22. 

Pressed-Steel System Car Construction.* (46) June 22. 

The Vaughan Split Switch.* (18) June 22. 

Reduction Locomotive Fuel Consumption. (18) June 22. 

Suggested Methods for Reducing Locomotive Fuel Consumption.* (13) June 27. 
The Construction and Equipment Modern Roundhouse.* (13) June 27. 

Lagos Government Railway. (12) June 28. 

The Westinghouse Electric Brake and Heater.* (15) June 28; (18) June 29. 

The Boston Elevated Railroad.* (15) June 28. 

Section Four the New York Rapid Transit Railway. (14) June 29. 

100 000 Pounds Capacity Steel Hopper Cars, with Trussed Center Sills.* (25) July. 
Valve Motion Transmission Bar for Atlantic 10-Wheel and Consolidation Locomotives.* 


25) July. 
What the Most Promising Direction which Effect Reduction Locomotive 
Fuel Consumption? (25) July. 


Roundhouse. (25) July. 

Draft Gear. (25) July. 

Air Brake Hose Specifications. (25) July. 

Cast-Iron Wheels. (25) July. 

and Economic Features the Uganda Railway.* Frederick Emett. (9) 
uly. 

Locomotive Building the United States.* John Converse. (10) July. 

Railway Engineering China.* Johnstone Bourne. (10) Jul 


Revision Recommended Practice for Springs, Including Springs for 100 000- 
Pound Cars.* (25) July. 
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The Pressure Retaining Valve the Westinghouse Brake. (21) Juiy. 

Draft Gear for Freight Cars.* (13) July 

Central Ave. Freight Station Cincinnati, St. Ry.* (13) July 

Three-Cylinder Compound Locomotive for the North-Eastern Railway.* (11) July 

The Telephone Railroad Service. (15) July (27) July 

Improvement Handling Freight. (18) July 

Street Railway Progress St. Louis.* (17) July 

Street Railway Evolution Syracuse. Connette. (17) July 

Notes the Pan-American Exposition.* (17) July 

The New Manchester Tramway System.* (17) July 

Passenger Locomotive, Chicago, Rock Island Pacific Ry.* (13) 

uly 11. 

Cabling the Edinburgh Tramways.* (12) Serial beginning July 12, ending July 19. 

Recent Block and Interlocking Signaling. (15) Serial beginning July 12, ending July 19. 

Electric Interlocking near Sixteenth St., Chicago.* (15) July 12. 

Lining Tunnel without Traffic Interruption.* (18) July 13. 

Increasing the Revenue Train-Load Large Capacity Cars and Improvements Car 
Details. Gaines. (13) July 18; (18) July 20. 

Wabash Cut-Off.* (40) July 19. 

Express Locomotive, South-Eastern and Chatham Railway.* (12) July 19. 

Braking Apparatus for Electric Cars. Fell. (26) July 19; (47) July 27. 

Construction the Clinch Valley Division, Norfolk Western (18) July 20. 

The Collapse the Pennsylvania Railroad Tunnel Baltimore. Kenneth 
Am. (13) July 25. 

Continuous-Tread Rail-Joint. (62) July 25. 

000 Lbs. Capacity Box Cars the Atchison, Topeka Santa Fé.* (15) July 26. 

Signaling Railroad.* George Blodgett. (15) July 26. 

The Newest Six-Coupled Express Engines the North-Eastern Railway. Charles Rous- 
Marten. (12) July 26. 

Chilled Cast-Iron Wheels. (22) July 26. 

The Ingoldsby Dump Car.* (40) July 26. 

American Locomotive High-Speed Machine.* Egbert Watson. (9) 


Aug. 

Spliced Sills Long Passenger Cars.* (26) Aug. 

Locomotive Water Service.* (25) Aug. 
The Abolition Railroad Crossings Grade.* (60) Aug. 
The Interurban Railway Loop Columbus, (60) Aug. 
London Railroad Station.* (15) Aug. 
The System the Atlanta Rapid Transit (17) Aug. 
Interurban Electric Railway System.* Cesare Pio. (17) 


ug. 

The System the Toledo and Monroe Conant. (17) Aug. 

The New York Central Tunnel Problem. Louis Bell. (17) Aug. 

High-Speed Electric Traction between Milan and the Italian Lakes.* (17) Aug. 

The Interurban Electric Railways Ohiv. Davis. (17) Aug 

The Contractors’ Power Plant the New York Rapid Transit Railway.* (14) Aug. 

Automatic Block Signals, Central New Jersey. (18) Aug. 

New Union Passenger Station Dayton, (13) Aug. 

Proposed for the Park Ave. Tunnel, New York City.* Albert 
Cary, Am. Soc. (13) Aug. 

Engines for the New York Central Hudson River R.* (13) 


ug. 

The Largest Marine Railroad the World.* Davison. (15) Aug. 

Management Freight Trains and Freight Houses. (15) Aug. 

Miller’s Signal the Chicago Eastern Illinois. (15) Aug. 

Car with Rolled Steel Underframe—Northern Pacific.* (15) 
ug. 

Features the Boston Elevated.* Francis Shepard. (27) Aug. 10. 

Fer Frangais les Transports Céréales. Richard Bloch. (38) 

Note Recoupement Périodique des Extrémites des Rails Grande Longueur. 

Bauchal. 
Les Locomotives Allemandes Raymond Godfernaux. (38) 


Apr. 
Vitesse Roues Libres.* Apr. 25. 
Locomotive Grande Vitesse Essieu Moteur Indépendant, Compagnie 
Midland Railway.* (33) Apr. 27. 
Note Sur Chariot Electrique Niveau pour Transbordement des Locomotives dans 
Servo-Moteur Electrique Compagnie Chemin Fer Nord pour Manceuvre 
des Leviers Saxby.* Rouby. May. 
artin. May 
Compound Grande Vitesse Chemin Fer Nord. (33) 
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Examen Critique Bouclier Construction des Tunnels. (36) Serial 
beginning May 10, ending June 25. 

Chauffage des Voitures Chemins Fer.* Guérin. (33) Serial beginning 
May 18, ending June 

Fer Djibouti Harrar Addis-Abeba (Ethiopie).* A.Dumas. (33) 

25. 

Locomotives des Chemins Fer (34) June. 

Note sur Chariot Roulant sans Fosse Electriquement Compagnie Paris- 

Les Locomotives Italiennes 1900.* Barbier. (38) June. 

Alimentation des Locomotives Marche.* (33) 

Exposition 1900: Locomotive Express pour Trains Lourds, Compagnie 
North-Eastern Railway.* Barbier. (33) June 22. 


Mécanique des Bagages dans Gare Quaid’Orsay. Pons. (38) 


Les Locomotives Autrichiennes 1900.* Barbier. (38) July. 
Nouvelle Ligne Paris Versailles.* Dumas. (33) July 


Electriques Compagnie des Chemins Fer (36) 
uly 10. 


Dislocation d’un Bloc Rocher 1500 Cubes.* (33) July 27. 
Sanitary. 
xiv, Pt. 
Sewage Disposal. R.S. Lea, Can. Soc. Vol. xiv, Pt. 
The Drainage the Valley Mexico.* John Benjamin Body, Assoc. Inst. 
(63) Vol. exliii, Pt. 
the Drainage, Reclamation and Sanitary Improvement Certain Marsh Lands 
the Immediate Vicinity Boston. William Lyman Underwood. (7) Mar. 
Fan and Furnace School-Heating System.* (14) May 18. 
Heating the Marion County Court House, Fairmont, Va.* (14) May 25. 
Sewer Gaugings Sheboygan and Milwaukee, Wis.* Richard Logemann and 
Richard (13) May 30. 
Typhoid Fever Newport, I., 1900, and Its Relation Defective Sanitation. 
Charles Amory Winslow. (7) June. 
Garbage Disposal Lafayette, Indiana.* Severance Burrage. (60) June. 
The Sewer System Lake Bluff, Griffith. (13) June 
Septic Tank Action Cornell University.* Williams, Jr. (13) 
une 13. 
Light and Air Tenement Houses. (14) June 15. 
Plumbing the Broad Exchange Building.* (14) June 15. 
Heating the Reptile House Bronx Park, New York.* (14) June 22. 
The Proposed Sewerage and Drainage Systems Havana.* (14) June 22. 
New Septic Sewage Disposal Plant.* Colin Wise. (60) July. 
Plumbing the Prudential Buildings, Newark, J.* July 
The Drainage and Sewerage Havana, Cuba. (13) 
The Sewerage System Havana.* (14) July 20. 
Plant, Island, (14) Serial beginning July 27, ending 
ug. 10. 
Sewerage and Sewage Disposal. Solon Smith. (60) Aug. 
Proposed Garbage Furnaces with Heat Utilization Buenos Ayres, Argentine Re- 
public. (13) Aug. 
Bacterial Sewage England. (14) Aug. 10. 
L’Epuration Bactérienne des Eaux Richou. (33) June 15. 
Structural. 
The High Office Buildings New York.* Reginald Pelham Bolton, Assoc. Inst. 
(63) Vol. Pt. 
Concrete Construction.* (1) Apr. 
Factors Which Cause the Decay Wood.* Hermann von Schrenk. (4) Apr. 


Progress Work the United States Naval Academy.* (14) May 11. 
The Portland Cement Industry New York. Edwin Eckel, Assoc. Am. Soc. 


13) May 16. 
The Hall Fetes the Paris Exposition.* (13) May 16. 
Concrete Chimney.* Ralph Davison. May 18. 
The the Edward Allis Co., Milwaukee, Wis.* May 
Stage Alterations Covent Garden Theatre, London.* (11) May 24. 
The Montgomery Ward Company Building, Chicago.* (14) May 25. 
The Flow Metal.* Henrik Loss. (3) June, 
Engineering Problems Cement Manufacture.* Newberry. (4) June. 
Effects Splicing and Riveting. Morison. (4) June. 
Difficulties Constructing Concrete Gasholder Tank. (14) June 
Protection Ferric Structures. M.P. Wood. (17) June 15. 
New System Pile Construction.* (13) June 20. 
Fire Retardant Treatments Wood. (13) June 


*Tilustrated. 
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The Chicago Coliseum Roof.* (14) June 29. 

The Building Materials the Future: Interview with Thomas Edison. (19) 

The Design and Construction Factory Chimneys.* Francis Schumann. (2) July. 

Notes the Construction Factory Chimney.* Wendell Hubbard. (2) July. 

Fire-Proof Construction Philadelphia.* Edwin Bertolett. (2) July. 

Expanded Metal Fire-Proof Construction.* Merritt. (2) July. 

Pro Specifications for Steel for Bridges, Ships, Forgings and Railway 

ails. (13 uly 

The Mechanical Plant the Newark Free Public Library.* (14) July 

Structural Details the Manhattan Railway Power House, New York.* (14) July 13, 

Fireproof Grain Elevators America. John Kennedy, Am. Soc. (13) July 18. 

Steel Rolling Mill Building.* (14) July 20. 

The Construction and Dimensions Chimneys for Boiler Plants. (14) Serial beginning 
July 20, ending July 27. 


the Dominion Iron Steel Company Sydney, Cape Breton. (13) 
uly 


Underpinning the Columbus Monument, New York.* (14) July 27. 
Portland Cement Testing. (24) July 29. 

The Steelwork Skeleton Buildings. (14) Aug. 
Tests the Strength Guastavino Floor Arches.* (14) Aug. 


Effect Different Methods Molding upon the Strength Cement. Ira Baker. 
(14) Aug. 10. 


Note sur Expériences Flexion par Choc sur Barreaux Entaillés. Barba. 
(32) Apr. 


Conservation des Bois par Procédé Riitgers. Besson. (32) May 


Note sur des Métaux Flexion par Choc Barreaux Charpy. 
(32) June. 


Considérations Générales sur les Ouvrages Ciment Armé. (36) June 10. 
Topographical. 


The Angles with the Engineer’s Transit. Cunningham. 
(13) 


Methods Connecting Survey Shaft Mine with that Property Lines and Topo- 
graphical Features the Surface. Auchmuty. (45) June. 
hic and Forest Surveys the United States. Herbert Wilson. (13) 
uly 11. 


Topographical the Reservoir System the Headwaters the Mississippi 
River. (14) July 27. 


Water Supply. 


The Miners’ Inch and the Discharge Water. Through Various Orifices Under Low 
Heads. Thos. Drummond, Can. Soc. Vol. xiv, Pt. 

The Balram Dass Water-Works, Raipur, Central Provinces, India.* George Moss Har- 
riott, Assoc. Inst. (63) Vol. Pt. 

Water Outlet Rate-of-flow Gauge for Testing Fire Hydrants, etc. Ernest Samuel 
Prentice, Assoc. Inst. (63) Vol. exliii, Pt. 


Changes That Take Place the Bacterial Contents Water During Transportation. 
George Whipple. (7) Mar. 


The Softening Feed Water for Boilers.* (1) May. 

Water Turbines.* (47) May 

The Water Purification Works the East Jersey Company Little Falls, New Jersey.* 

The Wachusett Dam, U.S. A.* (12) Serial beginning May ending May 24. 

Water Power Development Ont.* (14) May 11. 

Water-Works the Catholic Protectory Philadelphia. Charles Darrach, Am. 
(14) May 11. 


Aqueduct the Metropolitan Water-Works for Boston and Vicinity.* (13) 


16. 

The Torresdale Conduit Philadelphia.* (14) May 18. 

Compensation Kind for Water Diverted for the Supply Norwich, Conn. 
Quick Allen. (13) May 23, 

The New Water Supply (13) May 23. 

The Upper Belmont Reservoir Philadelphia.* (14) May 25. 


for the Intake Caisson for the New Water-Works for Cincinnati, (13) 
May 


Six Years Slow Sand Filtration Mount Vernon, (13) May 30. 

Coefficient Friction Dam Design and the Failure the Dam Austin, Tex. 
Gillette. (13) May 30. 

Metropolitan Water-Works Pumping Machinery. Sando. (28) June. 

the Rise and Progress Water Supply Sanitation the Nineteenth Century. 
William Sedgwick. (28) June. 

The Causes Rainfall. Prof. Davis. (28) June. 

Jerome Park Reservoir.* (46) June 

Aerator for Mechanical Filter Plant Winchester, Ky.* Leonard Metcalf, Assoc. 


7 
| 
| 
4 
| 
| 
| 
ae 


184 CURRENT TECHNICAL LITERATURE. [Society 


Water-Supply—(Continued). 


The New Pumping Plant the Pennichuck Water-Works, Nashua, H.* Dean, 

The New Pumping Plant the Pennichuck Water-Works, Nashua, (14) 

Concrete-Faced Stone Dam for the St. Croix Power Wis.* (13) June 13. 

The Reservoir Trenton, J.* Chas. Hague, Am. Soc. 
(13) June 13. 

Artesian Water Supply Australia, Gibbons Cox. (12) June 21. 

The Albany Filtration Plant and Some the Results Obtained (14) June 22. 

Symposium Water Consumption and the Use Meters. (13) June 

Mechanical Filtration Elmira, James Caird. (13) June 27. 

The Water Supply William Mason. (13) June 27. 

The Operations the Albany Slow Sand Filtration Plant the Close 1900. (13) 


une 27. 
The Water Supply System Chicago.* F.B. Embree. (46) June 29. 
The Waste Water. (14) July 
Notes the Construction the New Cincinnati Water-Works.* (14) July 13. 
Syphons for Water-Works. (14) 
Effects Deforestation China. Lynwood Garrison, Assoc. Am. Soc. 
(3) Aug. 
The Nile Reservoirs.* John Ward. (10) Aug. 
The Water Power Plant the Empire State Power Company.* (14) Aug. 10. 
Frontiére Suisse Pyrimont. (32) Apr. 
Les Turbines Hydrauliques 1900.* Gérard Lavergne. (33) Serial be- 
ginning Apr. 20, ending Apr. 27. 
Nouvelle Fosse aux Turbines Niagara Falls Power Co.* (33) May 11. 
Etude Technique Pratique sur appliqué aux Conduites d’Eau, 
Réservoirs, Egouts, (35) Serial beginning May, ending June. 
Considérations sur Mouvement Varié des Cours d’Eau. Massau. June. 
Chutes d’Eau Production Electrique. René Philippe. 
34) July. 


Waterways. 
The Canal, Dam and Slide.* Ernest Marceau, Vol. xiv, 


ol. 

Construction Concrete Masonry Canal the Eastern Section the 
Mississippi Canal.* Long. (4) 

The Sculanges Canal Works, Canada.* Coultée, Assoc. Can. Soc. (13) 
Serial beginning Apr. 18, ending July 11. 

Early Transportation Canals. J.T. Fanning. (1) May. 

The New Stone Breakwater Buffalo, Y.* (13) May 16. 

(13) 
The Prussian Projects. May 
Elevation Floods the Lower Mississippi River. Linus Brown. 
June. 

The Protection Cities the Valley Against the Encroachment the 
River. Brown, Am. Soc. (13) June 13. 

Filling Tide-Water Flats Wash. (13) June 13. 

Official Report the Improvement the Chicago (13) June 27. 

The Green’s Ledge Lighthouse, Norwalk Harbor, Connecticut.* (20) June 27. 

The Thames Conservancy. (12) June 28. 

Tractive Resistance Canal Boats. (14) June 29. 

Les Murs Quai Port Rotterdam; Rapport Mission.* Mélotte. 
(31) Vol. xxiv, (30) Apr. 

Rapport Mission sur Quelques Passages d’Eau d’Angleterre pour Circulation Ordi- 

Reproduction des Diagrammes Marée Gravés par les Appareils Enregistreurs. 
Stadeler. (30) Apr. 


May 25. 

Marégraphique dans les Pays-Bas: Rapport Mission. Van Brabandt. 

une. 

Constructien des Murs Surface Gauche: Note. van Haute. (30) June. 

rote. (30) June. 

Les Grandes Dragues Port New York. (36) July 10. 

Les Phares Actuels.* (36) July 10. 
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Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


INDUCTION COILS. 


How Make, Use and Repair Them, Including Tesla, 
and Medical Coils, Roentgen Radiography, Wireless Telegraphy, and 
Practical Information Primary and Secondary Battery. 
Norrie (Norman Schneider). Second Edition, Revised and Enlarged. 
Cloth, ins., 270 pp., illus. New York, Spon Chamberlain, 
1901. $1.00. 


this edition the following new matter has been added: Coils for gas and automo- 
bile engines; medical coils, concise directions for operation and repairs; new forms 
contact breakers, including electrolytic and mechanical; gas-lighting apparatus; pri- 
mary and secondary batteries. The chapter X-Ray apparatus has been entirely 
rewritten, and chapter Wireless Telegraphy has been added. The Contents are: 
Coil Construction; Contact Breakers; Insulations and Cements; Condensers; Experi- 
ments; Spectrum Analysis; Vacuo; Rotating Effects; Gas Lighting; Batteries 
for Coils; Storage Secondary Cell: Tesla and Hertz Effects; The Rays 
and Radiography; Wireless Telegraphy. There index four pages. 


ECONOMICS ROAD CONSTRUCTION. 


Halbert Powers Gillette. Cloth, pp., illus. New 
York, The Engineering News Publishing Co., 1901. $1.00. 


The Contents are: Historical Review; Earth Roads and Earthwork; Gravel Roads; 
Macadam Roads; Telford Roads; Summary and Conclusions. 


WATER FILTRATION WORKS. 


283 pp., illus. New York, John Wiley Sons, 1901. $2.50. (Donated 
the Author.) 


During the past decade advances have been made the development pro- 
cesses for the purification polluted waters. has been the endeavor the author 
describe these processes and the works necessary for carrying them out, with sufficient 
fullness indicate the results that may attained the matter water purification, 
the means attaining these results, and the elements entering into the design, well 
into the cost, the necessary works, both regards construction and operation. 
The headings chapters are: Introductory; Intakes, Sedimentation and Settling Basins; 
The Purification Water Slow Sand-Filtration; The Design, Construction and Oper- 
ation Slow Sand-Filters; The Purification Water Rapid Sand-Filtration; The 
Construction and Operation Rapid Sand-Filters; Conclusions; Filtered-Water Reser- 
voirs. There index fifteen pages. 


COMMISSION DES METHODES D’ESSAI DES MATERIAUX CONSTRUCTION. 


Deuxiéme Session. Ministére des Travaux Publics. Paper, 
ins., pl., illus. Paris, Imprimerie Nationale, Vve. Ch. Dunod, 
Editeur, 1900. 

The Contents are: Vol. Documents Généraux; Vol. II, Section Métaux), Rap- 
ports Particuliers; Vol. III, Section Sections Réunies (Matériaux Con- 


Struction autres que les Métaux Produits Secondaires des Matériaux Construc- 
tion), Rapports 


/ , 
COMMUNICATIONS PRESENTEES DEVANT CONGRES INTERNATIONAL 
DES METHODES D’ESSAI DES MATERIAUX CONSTRUCTION 


pL, illus. Paris, Vve. Ch. Dunod, Editeur, 


The Contents are: Vol. Etudes Générales; Etudes sur Constitution Moléculaire 
des Corps leurs Lois Deformation sous des Efforts; Historique des 
Méthodes d’Essai; Laboratoires Appareils d’Essai. Vol. II, Pt. Métaux: Essais 
Mécaniques; Etude des Essais Divers Métaux Certaines Assemblées. Vol. 
II, Pt. Matériaux autres les Métaux. 
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DONATIONS THE LIBRARY. 
From May 1901, 1901. 


Technische 
schule. 

Ala, Great Southern Ry. Co. pam. 

Alaska Mexican Gold Mining Co. pam. 

Alaska United Gold Mining Co. pam. 

Ceramic Soc. vol. 

Am. Inst. Arch. 

Am. Inst. Min. Engrs. pam. 

Am. Ry. Eng. and Maintenance-of-Way 
vol. 

Am. Sewage Dis sposal Co. 2pam. 

Am. Soc. Mech. Engrs. bound vol., 


pam 

Civ. Engrs. Cornell Univ. 

Australasian Inst. Min. Engrs. 

Bay City, Mich., Water Dept. pam. 

Boston Commrs. the Dept. 
Parks. 

Bowers, George. 

Brooks, Fred. bound vol. 

Buffalo Merchants’ Exchange. pam. 

Cairns, Robert pam. 

Canadian Soc. Civ. Engrs. 

Carter, Edward pam. 

Chicago North Western Ry. Co. 

Clapp, Otis 127 pam. 

Colo. Agricultural Exper. Station. pam. 

Concord, H., Board Water Commrs. 
pam. 

Continuous Rail Joint Co. America. 
bound vol. 

Cooper, Theodore. pam. 

Croes, James pam 

Dayton, Ohio, Water-Works. bound 
vol., pam, 

Dunod, Ch. 

Eng. News Pub. Co. bound vol. 

Fitchburg, Mass., Water Dept. pam. 


Fuertes, James vol. 
Georgia Banking Co. pam. 
Conn., Board Water Commrs. 

pam 
Hawley, am, 
Hendricks, E., Co. vol. 
Hering, Rudolph. bound vol. 
Ingersoll, M., Jr. pam. 
Automatic Co. bound 


Inst. Civ. Engrs. bound vol., pam. 

Inst. Mech. Engrs. pam. 

John Crerar Lib. pam. 

Kansas City, Fort Scott Memphis 
Co. 

Kansas Univ. 

Keep, Chas. pam. 

Kelley, Howard pam. 

Kiersted, Wynkoop. pam. 

Landreth, Olin pam. 


Marlborough, Mass., Water Commrs. 14. 


pam. 
Masoni, Udalrigo. 
Mass. Board Commrs. bound 


vol. 


Mass., Water Commrs. pam. 

Mexican Ry. Co., Ltd. pam. 

Commrs. 

Missouri Pacific Ry. Co. pam. 

Montreal, Que., Water-Works. pam. 

Murdoch, William. 

New Bedford, Mass., Water Board. 


pam 
New Britain, Board Water 
Commrs. 


New Cotton Man. Assoc. bound 


New England Free Trade League. pam. 

New Jersey Geol. Surv. bound vol. 

New London, Conn., Water Dept. pam. 

New Orleans Water-Works 

and Franklin Air Compressor Cos. 
am. 

Univ. State of. bound vol., 


Y., Water Commrs. pam. 

Newport, Ky., Water-Works. 

Nicholson, bound vol., pam. 

Northampton, Mass., Water Commrs. 
pam. 

Norwich, Conn., Board Water Commrs. 

3 pam. 

Oesterreichischer Ingenieur-und Architek- 
ten-Verein. 

Ottawa, Ont., City Engr. bound 


Peekskill, Y., Board Water Commrs. 


pam. 

Peterson, Alex. pam. 

Philadelphia Commercial Museum. 

Platt, 

Richmond, Va., Committee Water. 
am. 

St. Catharines, Ont., Water-Works Comm. 

St. Francis Levee Board Arkansas, 


pam. 

San Francisco Board Supervisors. 
bound vol. 

Schrenk, Hermann von. pam. 

Schrédter, am. 

Scott, Addison pam. 

Smithsonian Inst. bound vol., pam. 

Soc. Eng. bound vol. 

Somerville. Mass., Water Commr. pam. 

Spon Chamberlain. vol. 

Springfield, Mass., Water Dept. pam. 

Stockholm. 


W., Public Works Dept. 
bound vol. 
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Verein Deutscher Ingenieure. bound vol. 

Wallace, 

Waltham, Mass., pam, 
Wellington, Z., Harbor Board. 
Woonsocket, Water Dept. pam. 


pam. 
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This Society not responsible, body, for-the facts and opinions advanced 
any its publications. 


CONTENTS. 
Papers: PAGE 
Mechanical Installation the Modern Office Building. 
Short and Methods for Computing Probable Errors. 
Transition Curves. 
Discussions: 
Description Coos Bay, Ore., and the Improvement Its Entrance the 
Government. 
The Lawrence, Mass., City Filter: History Its Installation and Mainte- 
nance. 


Railroad Discrimination against New York, and the Remedy. 


DREW GREEN, GEORGE WISNER and 644 
Flow the Sewers the North Metropolitan Sewerage System Mass- 
achusetts. 


Shall the Practice Civil Engineering Regulated Law 
Messrs. SAMUEL WHINERY, FosTER CROWELL, 


Steel-Concrete Construction. 
The Decolorization Water. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSION. 


This Society not responsible, body, for the facts and opinions advanced any 
its publications. 


MECHANICAL INSTALLATION THE MODERN 
OFFICE BUILDING. 


PRESENTED OcTOBER 2D, 1901. 


The mechanical installation the modern office building presents 
the engineer field for the best utilization his energies. The 
office building to-day contains all the conveniences and necessities 
great city, the microcosm which is. addition the 
engineering features city, denser population must provided 
for; and the varied interests and conveniences each tenant must 
thoughtfully studied order make the little city success. 

the general arrangement the apparatus, there must con- 
sidered economy space, comfort, safety and economy operation, 
convenience distribution, adaptability modification, ease re- 
pairs and beauty design; and the machinery must constructed 
the least cost, operated the minimum expense. 

The object this paper present for discussion the various 
necessities the modern office building and some general rules for 
practice which experience indicates. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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far possible, building should individual, depending 
upon other, public private; and possible independent. 
everything except primary supplies and sewage disposal. 

The necessities are: 

Heating and Ventilation, 

Lighting, 

Water Supplies and Sewage Disposal, 
Policing and Fire Protection, 
Transportation, 

Communication with the outside 

The source power almost invariably adopted steam, 
utilized for heating the building after doing its work the engines.. 
The boiler power required heat under the most severe conditions is, 
except some very high buildings, generally sufficient operate the 
machinery. Practice indicates the installation from 140 200 
H.-P. for maximum use per 000 000 cu. ft. contents, with one addi-~ 
tional boiler unit reserve. 

Heating and Ventilation.—In this country 70° the standard. 
temperature maintained the building during the heating period. 

Except mountain regions, the lowest temperatures are found in. 
the Mississippi water-shed. The minimum record Winnipeg, the 
extreme north, was 50°, St. Paul 41°, Chicago 23°, Indianapo- 
lis 25°, St. Louis 22°, New Orleans, the extreme south 5°, 
Pittsburg, the east, 20°, and Denver, the west, degrees. 

the Atlantic Coast the minimum ranges from 20° the 
Maine Coast New York and Philadelphia, and far 
south Alabama. 

the temperature falls 30° Central Maine and 20° 
Central New York and Pennsylvania. 

The minimum temperature the Pacific Coast the same 
latitude much higher than the Atlantic Coast, that San 
Francisco being 20° compared with New York and 
Philadelphia. 

New York and Philadelphia the outside temperature falls below 
70° during nearly 70% the yearly cycle, and make building 
comfortable must heated 70° Fahr. from September Ist 
May 15th. From December March the average temperature 
may 30°; the temperature often falls and some- 
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times below zero. Wind storms miles per hour are not in- 
frequent. 

The heating plant should sufficient maintain the standard 
temperature 70° the coldest weather, and provision should 
made protect the building from the effect wind storms. 

more difficult heat building during high wind with mod- 

erately low temperature than during calm day and minimum tem- 
perature. Leakage through window frames and sashes causes the 
greatest loss. During high wind film warm air the outside 
the building blown off and the radiation from the exposed sur- 
face thereby increased. Tight window frames and good weather 
strips prevent most the loss from leakage. The loss radiation, 
due wind, must made either higher steam temperatures 
the radiators additional radiating surface. 
illustrate the effect wind storms the writer made the follow- 
ing observations: The rooms the windward side tall building 
when the outside temperature was 17°, and wind miles per hour, 
could not heated over 62° with steam the radiators tem- 
perature 218°. The following day the room was heated 71° with 
steam 215°, although the temperature outside had fallen 9°; but 
the wind had also fallen miles per hour. The windows were 
subsequently weather-stripped, and during the following winter there 
was difficulty whatever heating the rooms above 70° with 
steam 210° during wind storms miles per hour and with the 
temperature degrees. 

comparison the coal burned during days, when the average 
temperature was 30°, showed saving from 30% after the 
building had been weather-stripped. 

From the writer’s observations, buildings with large amount 
glass exposure can generally heated, during 80% the heat- 
ing period, the exhaust steam from the engines driving 
chinery, live steam being used during very cold windy days, 
night, and the early morning before the building occupied. 


illustrate, Table No. showing the results two 
may use. 


Both buildings are heated with direct radiation above the first 
story; the first story aud basement are heated with warm air and ven- 
tilated with exhaust fans. Building ‘‘A” ventilated above the first 
floor with exhaust fans. 
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Coal for Heating only. 


Cubic contents....... 300 000 cu. ft. 
Coal per day, 000 cu. 4.72 
Coal per day, 1000 cu. ft., 

equated for glass surface.... 
Average temperature for 

Minimum temperature........ 
Maximum winds............... miles per hour. 


Coal for Power and 


000 cu. ft. 


100 
500 sq. ft. 
6 tons. 
8.87 


5.88 
days. 


Fahr. 
miles per hour. 


The windows Building ‘‘A” are weather-stripped and Build- 


ing they are without weather strips. 


The amount coal used for heating Building was used for 
that purpose only, the machinery being driven from another source. 


The coal used Building ‘‘B” was for both power and heating. 


will noticed that, after equating the radiation 


the two buildings, Building shows 25% greater coal 


tion than Building ‘‘A,” which can accounted for 
engine-room losses and the difference the boiler steam pressures. 


The usual practice adopted for heating and ventilation warm 


the offices the first stories and basements plenum warm-air 
system, the temperature the air being controlled thermostats. 


All halls and offices above the first floor are warmed direct radiators 
under the windows, with little attempt artificial 
The tendency crowded population has forced the study arti- 
ficial ventilation, satisfactory solution which has its difficulties, 
the principal one being the location the flues such manner 
will encroach least upon the floor space and the same time permit 
changes the partitions for the modification offices. 
tions force the ventilation upon the exterior walls, under the 
ceilings, and the possibility such locations depends upon the archi- 


tectural treatment the building. 


These condi- 


When there sufficient wall space between the windows for the 
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location exhaust ventilation flues, satisfactory method 
vide sufficient direct radiation under the windows supply the loss 
heat, due wall and window exposure, and supply warm air from 
the corridors the offices through the transoms, exhausting the air 
through the exterior wall fans the attic. The air the cor- 
ridors can warmed direct-indirect radiators under the windows, 
supply warmed air from fans the basements, and can 
kept pure ventilating the toilet-rooms through the seat vents 
the water-closet bowls (operated under stronger draft than the office 
ventilation). 

Each office may supplied fresh warmed air and heated 
direct-indirect radiators; the fresh air carried duct each 
radiator from opening under the window sill, and the exhaust 
ventilation maintained flues and exhaust fans. 

Some direct-indirect radiators have base casting provided with 
damper arranged that the air may supplied the base the 
radiator either from the outside from the room, the damper may 
‘be set that part the air comes the radiator from the room and 
part from the outside. 

this arrangement, when the air from the outside entirely cut 
off, the radiator acts direct radiator and saves steam night 
~when the office unoccupied. 

another form, which really indirect radiator, the radiator 
castings are entirely enclosed casing provided with register, 
and the fresh-air flue controlled adamper. This form more 
expensive construction, with the disadvantage that the room must 
all times heated with warm air, whether occupied not. 

both forms the steam valves should under the control the 
tenant. 

‘One trouble with this method heating that during high winds 
more air than required may admitted, which results cold 
drafts. prevent this, the fresh air under the windows should pass 
through tortuous the radiator. 

plenum hot-air supply for the entire building, with the regis- 
thermostats, has also been used. This method 
expensive construction and operation, difficult control, 
and the supply air depends upon the temperature the room, and 
not upon the ventilation requirements. For structural reasons warm 
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air supplied the offices from the interior walls, which, when 
sufficient heat admitted warm the offices near the windows; results 
high temperatures near the heat supply, and, during windy weather, 
the lee side the building. 

the earlier installations, individual radiators were furnished 
with hand-controlled valves both the supply and drip-connections 
with automatic air-valves; the water condensation returning the 
hot well gravity. 

Experience the use this system was unsatisfactory, due 
failure the operation the ignorance neglect, 
the part tenants, the operation the controlling valves. 
prevent the use high steam pressures and the consequent loss 
engine performance, large supply and drip-pipes were used, which, 
being difficult conceal, were generally exposed. 

Modern practice dispenses with the air-valve and the hand-oper- 
ated drip-valve, and reduces the size the pipes producing par- 
tial vacuum the drainage system and the radiators when not 
use, that flow steam the radiators can maintained below 
the atmospheric pressure. the Webster System thermostatic 
valve takes the place the hand-operated drip-valve and the air- 
valve. 

equal distribution steam low pressure, through small 
pipes, can readily accomplished supplying the risers from both 
basement and attic. The writer has installed such system, combined 
with the ‘‘Webster Vacuum System,” 12-story building which 
each the steam supply risers was only ins. diameter, and 
served 600 sq. ft. radiation. The steam supply two radiators, 
serving sq. ft. surface, did not exceed and the drips from 
the individual radiators in. 

The amount steam supplied the entire system, serving 
equivalent 000 sq. ft. radiator surface, was controlled 
pressure-regulating valve. The temperature the steam the radi- 
ators under test was regulatedto vary from 190 227 degrees. The 
maximum difference temperature between the steam the 
boiler-room and the farthest radiator did not exceed when the out- 
side temperature was 7°, and the maximum difference was 14° when 
the outside temperature was degrees. 


The pipe sizes this system were about one-half the areas adopted 
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vacuum systems and one-fourth the areas gravity systems laid 
out the usual method supplying the risers from either top 
bottom. 

Using this method distribution with the Webster System,” 
24-story building could served with steam supply risers not over 
diameter, and serving from 200 300 sq. ft. radiating 
surface, with better steam distribution than can obtained 
larger pipes and serving only from one end. 

The double-supply system decreases the difficulty concealing the 
pipes, decreases the cost construction tall buildings, and puts 
the entire installation under more complete control. 

the one-pipe system single riser used both supply and 
drain the radiators. The risers are supplied the top, and drained 
the bottom. With tight valves and reliable air-valves this system 
fairly satisfactory; but the steam supplied the radiators wet, 
the risers are large, and difficult conceal the pipes and provide 
for expansion. 

Lighting.—The safety, cleanliness and efficiency the electric 
lamp, added the ease distribution and production the build- 
ing, make the cheapest form artificiallight. The the 
candle-power incandescent lamp, which used offices, small 
rooms, narrow corridors and places where desired conceal 
thelamps. High and large hallways and offices are frequently lighted 
with the enclosed are lamp. 

For general illumination halls, except where special effect 
required, one 16-candle lamp will serve from 700 1000 cu. ft. 
space, or, with the usual ceiling height, one lamp for 100 sq. ft. 

offices the number varies from one candle-power lamp for 
sq. ft. floor space one for sq. ft. floor space; the average 
well-illuminated buildings being one lamp for ft. 

Outlets are distributed the offices, that lamps may installed 
for general illumination, and socket connections provided for desk 
lights and fans. 

The writer has found that the maximum amount current used 
will vary from the total installation, including the engine 
and boiler-room lighting. 

The usual practice use direct current 110 volts, distributed 
the two-wire system. order obtain supplementary supply 
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from the public street service some buildings are wired the three- 
wire system. 

Improvements incandescent lamps enables now serve build- 
ings with current 220 volts, that present there necessity 
for the three-wire system. This voltage more convenient for electric 
motors, and reduces the cost wiring. Its use has been adopted 
number large buildings. 

The wiring layout building, obtain equal voltage through- 
out, and provide for easy repair and ready control, always 
interesting study, and each case must treated separately. 

For ample power, good rule provide one H.-P. for from 
ten twelve candle-power lamps their equivalent. 

Without the installation electric storage battery, all the power 
required the building, except that for the passenger elevators, may 
operated directly from the electric generators serving the light, 
that the electric generators may designed serve the maximum 
lighting demand and all the power exclusive the elevator service. 

high-speed steam engine and electric generator properly rated 
will give economic results from under-load 50% over-load. 
two units are provided, each rated for one-half the maximum, 25% 
load can operated without serious loss. 

Three units, each rated for one-half the maximum load, provides 
ample power—with one unit reserve—and can operated with 
economy during from hours. 

additional small unit should provided furnish light 
night the engine and boiler-room and for police lighting throughout 
the building. 

Water and Sewage Disposal.—The water supply may 
divided into four separate heads: 

1st.—For the supply boilers; 

2d.—For wash-basins, slop-sinks and drinking purposes; 

3d.—For flushing water-closets, 

4th.—For use the refrigerating apparatus. 

The water supply for boilers can taken directly from the city 
supply without previous pumping, and the amount depends directly 
upon the boiler horse-power. 

the latest office buildings each office suite offices fur- 
nished with stationary wash-stand with hot and cold-water supply; 
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tap supplied which furnishes water artificially cooled for drinking 
purposes. Similar wash-basins are furnished toilet-rooms, and slop- 
sinks are provided every floor with hot and cold water for cleaning 
the building. 

The water for this purpose will approximate gall. per day per 
square foot office space. The water for flushing water-closets, etc., 
amounts about gall. per day per square foot office space, and 
the water used for refrigerating purposes will approximate gall. per 
day per square foot office space. ground-water can obtained 
for the flushing and refrigerating systems, the bills for water service 
will materially reduced. 

most cities, all the water, except that used for boilers and the 
lower stories, must pumped; the water pumped directly into the 
system into reservoir tanks the attic. 

high buildings the water supply may divided into separate 
direct-pressure systems serving different levels, the tank pressure 
may controlled valves. 

Filters are installed where the city water supply inferior, and 
separate tanks and pumps are provided when ground-water 
utilized. 

Waste-water and sewage above the line the street sewers dis- 
charged directly into them, and the drainage and sewage below the 
street sewers generally raised pneumatic pressure flow into 
them. 

The writer has, the use small septic tank, utilized ordi- 
nary pump, driven electric motor, for this purpose, occupying 
less room and less cost than the ordinary method. 

Fire Protection.—Although most the large office buildings now 
constructed are made nearly fire-proof possible, they contain 
large quantities combustible material, and all-important that 
fire should extinguished before any considerable headway has been 
gained. office building should provided each floor with 
chemical fire-extinguishers, and also with fire-hose and 
nozzles, having immediate and ample supply water under pres- 
sure, and with electric signals the engine-room. 

supply water for fire purposes, are run through the 
building and supplied with water from the attic tanks controlled 


eheck-valves, and from fire-pump the engine-room. Connections 
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are also provided the outside the building, controlled check- 
valves, for the municipal fire-engines. 

With this apparatus and efficient watchman service, the risk 
from fire reduced minimum. 

Transportation. —Without efficient elevator service the office 
building failure; yet, notwithstanding the many elevators which 
have been installed, the elevator service causes the operating engineer 
and the manager the building more anxiety than any other single 
item the installation. 

Each tenant the building must carried least four times 
day, and provision made for the outside public. The transportation 
should rapid possible within the limits safety. 

The number passengers carried some large and densely popu- 
lated buildings amounts from 000 000 per day. 

the Drexel Building, Philadelphia, stories high, and having 
120 000 sq. ft. office space above the first floor, between 1500 and 
600 passengers were carried one hour. 

After the building completed always difficult and sometimes 
impossible modify the elevator installation, that the proper 
number and size the elevators important question deter- 
mine. 

The speed and size the car, the height and office floor-area 
the building and the method operating must considered. 
tall buildings where more than four cars are installed, the service may 
improved running some the cars stop all floors and 


others run beyond the lower floors and accommoda- 
above. 


TABLE No. 


| | 
Area 
cars.| 
St. Paul Building, New 200 sq. ft. 900 23.6 
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The writer has attempted formulate rule, based upon the oper- 
ation elevators various buildings, taking for factors the 
calculation the office floor-space, the number trips per hour and the 
size the cars, which subject modification for express” 
service. 

idea the practice elevator installations may obtained from 
Table No. which gives the story heights, the approximate area 
space above the first floor, the number cars, the office area per 
car and the area each car. 

determine the number trips and car travel per hour, observa- 
tions were made four office buildings Philadelphia: 

Drexel Building, stories high; 

Stephen Girard Building, stories high; 
Land Title and Trust Building, stories high; 
Real Estate Trust Building, stories high. 


TABLE No. 


Travel Trips Miles 
Building. Stories. per per 
fee hour. hour. 
10* 108 216 126 
Stephen Girard Building.... 150 300 150 1.704 
Real Estate Trust Building. 200 400 167 
From these data the following are estimated: 
250+ 500 183 2.08 
| 
Actual. Estimated. 


the Drexel Building, which has elevators, one elevator ran from 
the first the fourth story; one elevator from the first the fifth 
story; elevators from the first the tenth story, stopping, required, 
any the floors, and elevators ran the fifth story and 
served all the stories above. 

the Stephen Girard Building there were elevators, which ran 
through. 

the Land Title and Trust Company’s Building there were 
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elevators which ran schedule time, accommodation all floors 
except the second. 


the Real Estate Building all the cars ran 
through. 

Table No. shows the results obtained, and also approximate 
estimate the running time for the Bowling Green, Empire, and St. 
Paul Buildings, New York City. 

From observations the Drexel Building 1897, during the noon 


hour, the up-travel from the first floor reached 800 passengers, with 


The cars were also over- 


the Land Title Building, running trips per hour, the service 
was very satisfactory. There was slight crowding during the noon 
hour; this, however, can remedied the use the improved car- 
signalling apparatus. 

the Stephen Girard Building the cars are crowded during the 
noon hour, and also between and the afternoon. 

All three these buildings are well filled. 

The Real Estate Building not fully occupied, that the elevator 
service there cannot fairly judged. present the installation 
very satisfactory. 


Using the trips per hour observed and estimated, and equating 
the car area the formula: 
Square feet car area. 
Square feet office area. 


Total trips per hour. 


TABLE No. Car AREAS. 
car. 

Real Estate. | 17 10 15 560 23.7 28.3 250 
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the Drexel Building, the two cars which ran the 
fifth floor, and the two cars which ran through, 
made the same number trips, and carried practically the same 
number passengers. would interesting know whether 
similar results are obtained any other buildings, and the advantage 
gained arranging the travel the various cars serve 
dation” through the entire trip, part way, providing 
separate service different heights the building. 

Using the same formula, and equating obtain the square feet 
office space per car, with given sized cars, and the number through 
trips heretofore used, have the following results, with cars and 
sq. ft. area. 


TABLE No. AREA PER Car. 


Stories. Car area sq. ft. Car area sq. ft. 


000 sq. ft. per car. 200 sq. ft. per car. 


The style elevator will depend upon the kind power adopted, 
the space which can provided for the operating machinery, and the 
location the elevators the building. 

The lifting machinery driven either electricity water 
under pressure. 

Electric elevators are operated motor revolving either drum 
carrying hoisting cable, screw with traveling nut connected 
with system multiplying sheaves and cables. 

another type electric elevator two independent motors are 
connected endless ropes which run over traveling pulleys suspended 
from overhead sheaves, the hoisting cable being connected with one 

the traveling pulleys. The direction and motion the car 
regulated varying the speed the driving motors. 
Hydraulic elevators are operated water from the top 
the building, from pressure tank containing compressed air, 
pressure obtained weights. The car moved either verti- 
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cal ram hoisted cables attached the car and running around 


overhead sheaves pistons horizontal vertical cylinders; the 


length the cylinders being reduced multiple power transmission 
the hoisting cable. 

The elevators descend their own weight and the cars are counter- 
balanced that they may descend empty the required speed. 

The water pumped either directly steam engines electric 
motors. 

The apparatus should simple construction possible, 
obtain speed and efficiency, with economy power and cost repairs, 
and should devised that the failure the principal parts the 
machine, even some minor part safety device, will not the 
cause accident. 

Increased economy power complicated mechanism may 
more than counterbalanced the cost the machine and repairs 
and supervision. 

provide against accident, each hoisting machine should, when- 
ever possible, have speed governor prevent the car from running 
faster than the maximum required running speed, and, addition, the 
car should provided with independent automatic safety clutches 
clamp the car the guides should the speed governor fail the car 
fall. The clutch should stop the car gently, without jolt jar, and 
should under the control the operator. 

The power-operating machinery should automatically cut off 
and stop the cars gently the top and bottom landings. 

The overhead sheaves and beams should sufficiently high 
prevent the counterweights striking them when the car its lowest 
limit travel, prevent the car from striking when its highest 
limit travel. Clearance should provided the lowest landing, 
sufficient depth prevent the car striking when the lowest limit 
travel. 

device should provided prevent the opening and closing 
the hatchway doors, except when the car the landing, arranged 
that the doors must closed before the. car put motion and 
opened only when the car stopped. 

The hatchway should kept clear all operating machinery, and 
the machinery should placed where can all times conveniently 
inspected and repaired. 
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The cars electric elevators are controlled electrical contact; 
hydraulic elevators either hand-wheel lever operating the 
starting valves. The lever arrangement requires pilot-valve which 
controls small hydraulic motor operating the main valve. The lever 
pilot-valves reduce the labor the car attendant, but add extra 
mechanism the apparatus. 

The car doors are operated either directly hand pneu- 
matic apparatus controlled the foot the starting lever. 

Where large number elevators installed, successful signal- 
ing device, operated electricity, use. Two push-buttons only 
are placed each floor; one signaling the cars going up, and the other 
those going down. When the push-button pressed light shown 
the next arriving car and notifies the attendant time stop 

the proper landing. Other lights are located over the hatchway door, 
notifying the passenger, white light for the trip and red light 
for the down trip. 

The hydraulic elevator, unless complicated with differential water 
supply, uses the same amount power for light for heavy loads. 

The hydraulic ram elevator limited speed and range. 

The electric elevator uses power proportion the load, and 
more economical than the hydraulic machines. 

The objection this form elevator has been the difficulty 
controlling the large starting current, which makes the lamps fluctuate 
when the elevator operated from the same source electricity 
serves the lamps. 

With this defect remedied, all the machinery the building, 
including that serving the electric light, may driven electricity 
from the same source. 

addition the transportation passengers from the street 
the various floors, special elevators are frequently installed serve 
several stories occupied the same tenant. 

Provision must also made carry freight and heavy safes all 
the floors. 

Elevators must also provided for furnishing supplies and 
removing ashes and wastes from the basement. 

Communication with the Outside World.—Modern business methods 
require that each office shall have telephone and telegraphic service, 
that, except when personal contact deemed important, all busi- 
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ness can transacted without leaving the building, and systems 
conduits for telephone and telegraph wires must installed. 

Management.—The financial success the office building depends 
largely upon the economic management the mechanical plant. 

this end the necessary instruments for measuring fuel and water 
supplies, for indicating and recording the power produced and util- 
ized and for detecting defects the apparatus must furnished. 

The building should also have ample storage for coal, ashes and 
general supplies and repair shop, equipped with machine and hand 
tools, supplies materials and apparatus that 
ordinary repairs can made the employees. 

However perfect the installation, without proper management, 
will fail; success depends upon the operating engineer, who should 
educated engineer and acool executive, with ready wit, willing hand 


and untiring energy, well competent mechanic—the most 
important machine the installation. 
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PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SHORT AND EASY METHODS FOR COMPUTING 
PROBABLE ERRORS.* 


The engineer constantly engaged large number pro- 
fessional problems, the solutions which depend upon the averages 
experiments based upon certain number repeated observations, 
as, for example, when gauging the delivery stream taking 
many velocity measurements; making series tests cement. 
briquettes; experimenting with the strength materials, etc. 

Usually, the means various results are classified, some more 
less arbitrary manner, and these means are accepted the best 
obtainable value; but the engineer not able determine the actual 
degree confidence placed the average value thus obtained; 
neither can determine whether the relation between the individual 
results and their means are the proper ones, nor that number 
observations and experiments are sufficient justify the blind 
adoption their means. 

Generally, has been deemed necessary apply the method 
least squares discuss the results important experiments. This 
method generally long and tedious, and many engineers are not 
familiar with it, even they ever learned school. Also, though 


This per will not presented for discussion any meeting, but its discussion 
may called any time, and written communications the subject are invited 
for the and for subsequent publication. 
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the advantage the rigorous method least squares easily 
granted, often its application would entirely useless, because the 
labor and time required would seem unjustifiable very large 
number cases engineering investigations; and yet would 
always desirable learn the various observations are consistent 
with each other, and their mean entitled the proper degree 
confidence. 

this useful information could obtained with ease and rapidity, 
there doubt that the engineer would avail himself its advan- 
tages; and the absurd and even dangerous deductions sometimes 
based upon insecure averages would less numerous, thus fostering 
reliable progress large number engineering investigations. 

The origin the method herein explained has interesting 
history connected with our Civil War indirect way. 

When Napoleon IIT conceived the Quixotic notion re-establish- 
ing the supremacy the Latin races over our Western Hemisphere 
took advantage the disordered condition the United States 
during our Civil War, enlist against the hatred and fear 
Spain with regard her then West Indies possessions, and spurred 
the commercial jealousies England, form triple alliance 
between France, England and Spain, aiming the destruction our 
national supremacy. 

During the darkest days the Civil War, and when were 
unable prevent it, the allied armies landed Mexico, found 
new monarchy upon our southern frontier. 

For reasons rather foreign the objects this paper, Spain and 
England withdrew their forces from American soil, leaving Napoleon 
the lurch. The Emperor Maximilian had not yet lost the prestige 
that formidable alliance, when the Mexican armies had taken the 
woods, initiating the guerilla warfare which culminated the capture 
the Emperor, the collapse the Empire, the pathetic madness 
the Empress Carlotta, and the death the misguided and betrayed 
Emperor. The Mexican armies operated the fastness virgin, 
tropical forests, and their movements could guided only the 
astronomical work Covarrubias, Mexican engineer great 
ability and still greater originality. 

The sextant used him for the purposes directing the peregrin- 
ations the Mexican forces became injured beyond repair the fall, 
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over precipice, the mule carrying his field equipment. Mr. Covar- 
rubias, being unable find the position his army any astro- 
nomical process involving the knowledge angular measures, set 
work the spot develop new methods computation with entire 
independence the graduation the sextant, using only chronometer 
times and the almanac data for the solution astronomical triangles. 
felt obliged modify many astronomical formulas, including 
those necessary for the discussion results least squares. These 
latter formulas made exceedingly simple application, and yet 
capable furnishing all the necessary accuracy for large number 
cases engineering practice. 

There are several least-square formulas for various purposes, gen- 
erally known the names their inventors; but they all demand 
considerable labor the part the computer. The Covarrubias 
formulas can reduced table demanding only few seconds 
time learn: 

First.—The probable error each individual result any series 

Second.—The probable error the mean all the results; 

Third.—They furnish fair criterion for the number repetitions 
required reduce the error the mean any desirable limit 
accuracy 

Fourth.—This method avoids the necessity squaring each one 
the residuals, the squares the difference between each result and 
the mean all the results; 

avoids the necessity taking the algebraic sum the 
‘residuals and nearly all the long and tedious processes least 
squares; 

pocket table logarithms can used find the 
probable errors, without the need interpolations; 

Seventh.—The formulas can reduced table, using single 
argument the number observations taken. 

The formulas chosen Covarrubias are: 


0 n 
See Doolittle’s Practical Astronomy, 21. may often desirable use: 
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the probable error each single result; 
the probable error the mean all the observations 


results; 


the residuals, ‘the numbers obtained subtracting 
each result from the mean all them (without re- 
gard signs); 

the arithmetical sum the residuals; 


the number observations taken. 


The values and reduced table for any values are 


given Table No. 


error clock: 


Clock fast. 
Min. Sec. 

41.18 


residuals. 


5 
9.8495 8.5206 9.2925 
9.7614 8.5038 
9.6990 
9.2765 8.4722 
9.6109 9.2614 
8.4288 
8.9983 8.4152 9.2407 
8.9499 8.4020 
8.8667 9.4604 
9.4430 
8.7970 9.2101 
8.7369 9.1990 
8.7097 8.3196 
8.6841 8.3090 
8.6600 9.3606 8.2987 9.1838 
9.3495 8.2886 
8.5560 9.1594 
8.5379 9.3010 8.2418 
9.1505 


Example I.—The following five observations were taken find the 


The residuals are obtained 
finding the difference be- 
tween each clock error and 
the mean all the errors. 


the arithmetical sum 
the residuals. 


q 
me 
q 
q 
q i 
f 
: 
| 
| 
Bar 
7] 
Sec. 
0.18 
0.36 


Since, this example, there were five observations, take out 


9.2765 from the table, 

Log. [V] (1.51) 0.1790 log. sum residuals, 

9.6505 from the table, 
9.1060 log. r,: hence, 0.13 second. 


This shows that the error each single determination, 
within 0.28 second, more less; and the probable error the 
mean all observations, can depended upon true within 
second, that is: considering the number and nature the ob- 
servations; the accuracy with which the decimals have been carried 
out the original time computations; the outstanding errors the 
stars chosen, well the instruments used; accidental errors and 
every other circumstance affecting the error-producing causes attend- 
ing all classes observations, the probable errors, and measure 
the degree reliability the work.* 

The value must vary with each individual observer every 
case which the result depends upon personal skill; but very 
apt remain constant for the same observer after has acquired 
reasonable degree practice the special manipulation the work 
hand. 

If, the above example, the observer shouid require better 
degree precision the probable error the mean than 0.13 second, 
since, from the value found for knows that the probable error 
each observation about 0.3 second, should now desire reduce 
the error the mean 0.07 second, must make 


second, 


Therefore, the observer must take observations, instead 
obtain the desired result. 

Example following observations were taken ascertain 
the relation between the velocity water, derived directly from its 
actual weight when passing through known cross-section given 
time, and the velocity deduced from Pitot tube observations, 

Velocity weight 
Velocity Pitot tube 


The rigorous method least squares gives 0.26 second, and 0.12 second. 


Coefficient. 


q 
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Ser 
Coefficient. Residuals. Coefficient. Residuals. 
0.0055 0.8280 0.0020 
0.8349 0.0004 0.8260 0.0000 
0.8409 0.0064 0.8328 0.0068 
0.8299 0.0039 
0.8476 0.8179 0.0081 
0.8359 0.0014 0.8268 0.0008 
0.8245 0.0100 0.8346 0.0086 
0.0122 0.8139 0.0121 
0.8348 0.0003 0.8310 0.0050 
0.8213 0.0182 0.8190 0.0070 
Mean 0.8845 Mean 0.8260 


Entering the table with 10, have, for each set: 


Log. 8.9499 from the table, Log. 8.9499 from the table, 


Log. 9.5000 from the table, Log. 9.5000 from the table, 


The foregoing very instructive result, may learned 
remarks entered the notebook which the observations were 
kept, the first set, was not good Set but the simple use 
the table establishes the fact that the probable error each single 
experiment Set about twice large those Set while 
the probable errors the means each set differ very much 
smaller amount. 


now use Sets and single set, shall get, using 
20: 


from which learn that the probable error the single result 
smaller than even the average the previous values for each set; 
while the probable error the mean result the entire sets, 


q 
4 
| 
| 
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less than one-half the value found the averages the inde- 
pendent sets. This establishes the usefulness Set consid- 
ered tending give accuracy the final result, and thus the best 
value the coefficient sought 0.83025 0.0011. 

claim made for originahty: The intention the writer has 
been only place easily handled tool the hands members 
the Society. Extensive practice has proved the usefulness this 
approximate method for the discussion experiments. 
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TRANSITION CURVES.* 


For ordinary railroad purposes, the transition curves common 
use are about equal utility. tables, and, with these 
hand, can readily staked out. When, however, are confronted 
with the task designing and detailing for the shop, track work such 
turnouts and crossings, new The multiple compound 
curve requires maze complicated computation when applied 
this class work (in which loci are absolutely necessary). The cubic 
parabola appeals the writer the simplest curve which will fulfill 
the conditions But, has been urged some that 
the cubic parabola not true transition curve, nor can readily 
staked out with transit. 

Let see, then, can more nearly approximate these prerequi- 
sites curve similar character. 

developing the cubic parabola the deviation from exact values 
consists substituting the differential the abscissa for the differ- 
ential the length the curve, the general formula for the radius 


curvature, 
dx’ 


will not presented for discussion any meeting, but its discussion 


may any time, and written communications the subject are invited 
for presentation the Society and for subsequent publication. 
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Now, reverse the substitution can say 


Equating with the other value and inverting, have 


This more nearly the equation true transition curve, for 


whence, integrating twice, have 


(which fulfills the condition curve, and 


which the radius the circular curve eased, and the total 
length the transition curve) now exact, and the substitution 
for involves less error than the substitution for 
Moreover, since expressed terms the length the curve, 
better adapted staking out with transit. Before the deflection 
angles can readily obtained, must determined. This cannot 
found exactly finite number terms, but, bya slight approxima- 
tion, very convenient and practical formula can developed. 
triangles small angle between hypothenuse and base may 
express the excess the former over the latter follows: 


2 


2 


2h—e 
very small, have (nearly) (Q. D.). 
Call the total excess over that is, 
Then dt= Sas 
Substituting, 


5 
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part afoot. Any value being now hand may determine 


tan. 
x 


The total angle which made tangent the curve any 
point with the initial tangent found follows: 


This curve has the further advantage that after have fixed the 
constant can find any (by dividing the constant with 
greater degree accuracy than the ordinary cubic parabola. 

3 

For those who would still prefer the equation the curve 

may rectified the following formula: 


found the same manner 


5 


z=s 


Notwithstanding the substitute which has offered, the writer 


would still urge upon those engaged designing layouts track- 


work the use the equation 


account the facility 
1 
with which intersections may determined it. 


For example, sup- 
pose have two transition curves leaving common tangent and 


+ = 100. 


od 
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simplify formulas let call the constant quantity the 


equation the curve, and 


then 


= > 

2 


after finding and 
may find the total angle for each curve tan. 


and their sum the angle intersection. 
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DESCRIPTION COOS BAY, OREGON, AND THE 
IMPROVEMENT ITS ENTRANCE 
THE GOVERNMENT. 


Discussion.* 


paper, following closely official report the improvement 
the Brunswick Bar, Ga., calls attention, general way, the 
methods now pursued and the results attained the Government 
practice, and also serves illustrate the very divergent conclusions 
reached from similar data. 

Since the United States assuming position ever increasing 
importance maritime nation, primary importance that the 
bars obstructing her harbors removed such manner secure 
the best depths available the least annual cost for maintenance. 

These harbor problems, therefore, are national importance, and 
their discussion, without prejudice, should result the greatest 
possible economies and the substitution scientific methods for 
tentative experiments. 

This paper carefully prepared, gives evidence much research 
and comprehension some the difficulties, and, although 
mainly directed the work Coos Bay, incidentally refers sev- 


*This discussion (of the paper William Harts, Am. Soc. E., printed 
the Proceedings for April, 1901), printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 

Communications this subject received prior September 28th, 1901, will 


later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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Mr. Haupt. eral other localities, with conclusions which are different from those 


reached others who have studied the record that the writer takes 
the opportunity adding few extracts for the clearer presentation 
all the physical conditions and results. 

Taking the various points the paper observed 
that the opening paragraph states that the completion the north 
jetty has produced satisfactory results. The author then describes 
the exceptional violence the storms the North Pacific and the 
exposed condition the harbor entrances, citing, but not applying, 
the wave feet, and the fetch miles. 

The danger using formula for such computations, which the 
constant fixed and empirical, will become apparent once when 
considered that for any distance may used from 100 400 
miles, and hence will vary accordingly, that the wave height may 
vary (using these values) from 120 ft. the maximum waves 
seldom exceed ft. height evident that the formula has only 
limited application, and must used with caution. 

The author next cites the early tentative works constructed within 
the coast remarks were only partially successful, but 
gives specific locations. The harbor under discussion, however, 
shows one instance wing dike built out into the channel from 
Fossil Point (see Fig. for distance 700 ft., but which says, 
page 218*, had useful effect either the direction depth 
the bar channel, and was abandoned 1889. 

There were interior jetties built the New Jersey coast also, which 
likewise ended failure and were abandoned. The single interior 
jetty the mouth Coquille River, Ore., 1886, showed low-water 
depth 6.5 ft., now ft. 

almost axiom engineering that learn more from our 
failures than from our successes; hence, greater service con- 
sider the former seriously and with reflections upon those charge 
the works, since the actual condition all the forces which may 
surround entrance are occult, and, like those producing earthquakes 
where least expected, cannot predicted. 

The author very properly recognizes the importance the resultant 
littoral movements, the cyclic oscillations channel, the tidal action 
flood and ebb building and scouring bars, the necessity con- 
serving the full tidal prism, and especially, puts it: 


prevent the encroachment the sand the channel and 
the same time prevent the divergence and dissipation the effect 
the ebb tides, confining and directing these tidal currents aselected 
point the bar.” 


adds, this can done suitable works then improvement. 
may confidently expected.” 


Proceedings, Am. Soc. E., for April, 1901. 
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this entirely correct, but the difficulty which arises their Mr. Haupt. 


application, determining the actual position the resultant and 
placing the works aid the land forces opposed the sea 
forces. One would suppose that, protect channel from the pre- 
dominating drift, the barrier should placed the windward,” 
between and the channel, and hence may excite surprise find 
that most the jetties which are built for this purpose have been 
located the far leeward side the channel desired created, 
with the invariable result rolling the bar rapidly seaward. one 
case advanced half mile about year, adding greatly and unne- 
cessarily the cost the work. But there are other conditions, 
addition these, which not yet appear fully recognized and 
applied ocean bars, one which avoid abrupt angular 
change direction the ebb currents which wastes their energy 
boring deep holes, useful purpose. this merely 
discussion the paper, however, and not designed suggestive 
improved devices, remains show how the foregoing require- 
ments the author have been construed and applied practice. 

the official Report the Brunswick Bar,* where there are 
jetties, and which was deepened 5.6 ft. the use dynamite, aided 

This principle requires the jetty located upon that side 
the channel toward which the latter being driven the drifting 
sands. use phraseology analogous that which has been used 


other cases, should the leeward the channel.” 


make this still plainer the intention, added: 


single jetty this principle Brunswick would located 


the south the channel, since the drifting sands come from 
the north.” 


then goes illustrate, saying: 
single jetty Coos Bay, Oregon, has been built accordance 
with this theory, and appears have been successful increasing 


the depth from ft. not less than ft., which Jatter has main- 
tained for the last 


Here the north jetty the only one built, while the paper states 
that the resultant drift comes from the south. must, therefore, 
strike the jetty its south channel side, and hence the jetty does 
not fulfil the condition laid down the author this paper, viz., 
prevent the encroachment the sand the channel,” while 
does comply with the incorrect location suggested the Report 
the Brunswick Bar being placed the leeward the channel with 
reference the prevailing drift. Both these theories cannot there- 
fore correct, and the case requires further examination ascertain 
which right. the results are pronounced satisfactory both 
authors becomes necessary look further into the records the 
original conditions, and ascertain present effects bar movements. 


Document 355 R., 56th Cong., Sess., Jan., 1901. 
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The depths prior improvement are shown the several charts 
the paper, and which contain admirable object lesson for the 
reader. 1863 when the channel was farthest north and was in- 
side the meridian through Guano Rock the ruling low-water depth 
ft.; again, 1885, itis ft., but farther out sea; 1894, with the 
jetty well advanced, ft., with the 18-ft. contour south 
but parallel and beyond the jetty; and four years later, with the 
jetty completed, the depth given ft. the chart (18 ft. 
the text), and 000 ft. farther seaward, with the 18-ft. contour 
overlapping the line the jetty produced. During November, 1899, 
depth shoaled for several weeks ft., due long and severe 
southwesterly storm.” The author, therefore, adds: 

appears probable, however, from the most recent surveys, that 
the south jetty will needed before the occasional lapping the 
south spit around the entrance southwest storms can 

this respect the writer pleased agree with the author, for 
the reason that such jetty will fulfil the best advantage the main 
requirements this inlet, but can placed much more effectively 
than the broken line, suggested Figs.4 This plan re- 
duces the improvement two high-tide jetties which have more 
serious objections than the author appears attach them, and 
which are worthy consideration. The jetty now place has ap- 
parently prevented the channel from drifting the north where the 
energy was wasted and the sea more dangerous, being broadside; but 
the author has stated that times, when the was complete, the 
north channel closed and new one opened abreast the gorge 
the harbor, when depths ft. high water were reported. De- 
ducting the tide 5.6 ft. would give 24.4 ft. the natural mean low- 
water depth over the bar, when the channel this position. 
that the natural depths were, say, about ft. better before improve- 
ment than those now existing. But the report the Assistant En- 
gineer 1892, which appears have been overlooked all references 
this work, states that the depth here prior the beginning the 
work was, times, ft. mean low water, that would appear 
that for this position the channel the unimproved depths should 
range from 24} ft. instead from ft., that there has 
been loss from due the effort fix the location 
the channel jetty placed Had been placed 
windward there doubt, the writer’s opinion, that the depths 
would have been greater and the bar advance less, with the further 
great advantage acting breakwater for navigation, placing the 
vessel leeward the jetty instead windward the great 
storms from the southwest. 


The movements the bar are perhaps more clearly illustrated by. 
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plotting the location the crest the date the several surveys and Mr. Haupt. 


connecting them line showing the locus this movement. 
the actual crest area and not point this method merely guide, 
but relatively correct. The seaward movement given here 
departures from the meridian through Guano Rock well-defined 
fixed point, and hence they aré not quite normal the coast. 

The author states that the jetty ‘‘stopped what was originally 
the 20-ft. just short the bar proper,” leaving 
seen from the chart that the bar has advanced, which 
thing avoided. does not appear pay any particular atten- 


WHARF 
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tion this feature, and hence the diagram, Fig. will serve show 
the rate and direction this movement which great importance. 

Table No. gives the rate movement for the intervals between 
surveys. 

From Table No. appears that the bar crest has been advancing 
most rapidly seaward since the construction the jetty, with every 
tendency overlap and ultimately repeat its cyclical peregrina- 
tions more exposed position. Under these conditions, can the 
work classed success its present transition state 
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TABLE No. 
Average advance 
Period, departure, 
GENERAL AVERAGES ADVANCES 


Jetty partly built. 


Two the effects upon the harbor from the use two 
jetties, the author believes that: 


With double jetties properly designed appears that further 
effect produced than could caused moving the throat the 


gorge new point.” 


This conclusion does not seem accord with observation, 
recorded that double jetties have reduced the tidal inflow very seri- 
ously and caused silting the harbors. shift the throat 
much further seaward is, itself, injury, the resistance dis- 
charge increased the longer channel; the entrance partially 
dammed and the area the gorge the bar also contracted. 
The present gorge shows depths the point incidence ebb cur- 
rents Coos Head ft. 1863; ft. 1879; ft. 1885; 
and, after the jetty was started 1892, ft. 1894; and ft. 
1899. These are all reaction, not velocity, depths; important dis- 
tinction. ebb current moving axially between nearly parallel 
jetties will cause reaction, and such depths the outer throat 
result the gorge, that the outer cross-section will 
smaller. 

Engineers seem have failed note the fact that the deep holes 
points incidence around bends streams are not velocity 
project for New York Harbor entrance 1885, was proposed 
transfer the throat the Narrows the outer bar two rip-rap 
jetties rising only low water, below, and extending from Coney 

Island and Sandy Hook seaward, closing the entrance almost 
entirely. The cost was estimated 000 000 The 
precedent for this project was derived from the existing depths the 
Narrows, for the report says: 
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flow through the Narrows maintains channel Mr. Haupt. 


mile wide and with depths 100 ft. This depth only diminishes 
ft. point miles below. The mean ordinary velocity the 


Narrows is, during the ebb tide, about ft. per second, and from this 
depth 100 ft. results.” 


The mistake made here is.in attributing the depth velocity, 
whereas due the reaction caused the compression (or, 
some writers prefer call it, concentration) the flood tide enter- 
ing the Upper Bay. Many instances might cited mean velocities 
ft. per second flowing over sandy bottoms which not erode 
depths exceeding ft. Hence cannot velocity alone that 
produces depths 100 ft., but much more potent force, viz., impact 
creating reaction from the bottom. 

The effort, therefore, utilize the gorge depths reproducing 
them the bar end pair jetties has invariably resulted 
failure, and still reeommended tried over and over again. 
The New York project was soon abandoned. The latest instance 
found the Report the Brunswick Bar, already cited, which 
said: 


the ebb tide concentrated between the jetties 
the bar, and their width apart equal that the gorge, the 
conditions the latter would reproduced the bar. This would 
require jetties high water.” 

The author then goes explain that such depths would 
excessive and the cost greater, only low-water jetties are usually built, 
and adds: 

this system construction, however, has been found 
that the scouring effect has not only failed reproduce the 
depths the gorge but has not produced depths enough for naviga- 
tion, (still) the channel location has been fixed that very 
satisfactory dredged channels can and the experience 

would seem, that high jetties would produce far 
beyond the requirements navigation,” jetties having 
width between jetties the bar generally greater than the 
would ‘‘not produce depths great enough for navigation,” 
that between these limits there should found happy medium, 
which the depths, resulting from tidal scour, should suffice without 
recourse dredging. 

Charleston cited good example dredging, supplemented 
jetties, the reverse, let observed that the bar now about 
ft. beyond the end the completed jetties, and the original 
channel was abandoned because its rapid filling up. Moreover, the 
jetties are not low-water, but submerged, jetties ft. more the 
inner ends and high-tide jetties over the original site the bar, 
that the reference hardly germane. 

Yaquina Bay.—Yaquina Bay has been referred recent publica- 
tions illustration the success two high-tide jetties, and the 
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Mr. Haupt. present paper seems confirm this opinion some extent. The 
author says the south jetty did not accomplish all that was expected 
it, and was found necessary close the old north 
much improvement the bar resulted,” that 
inference. 

This problem and its solution cannot fully understood without 
the plan, for was complicated dangerous submerged reefs lying 
off shore which served create lee for navigation, and any advance 
the bar seaward the result two jetties was sought avoided 
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SCALE OF FEET. 
1000 0 1000 2000 


single south jetty acute angle the shore line, close, 
whole part, the south channel. This project, designed (see Figs. 
described the report the Chief Engineers for 1881, 
page 2592, these words: 

existing plan improvement provides for jetty the 
south 500 ft. long, rising ft. above mean low water,” built 


stone and timber cribs. Suitable appropriations should made for 
improvement which promises such good 
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The ideas intended applied here were prevent the sand 
encroachments the channel and the dissipation the ebb currents, 
but unfortunate that the means were insufficient produce the 
result, and the north jetty became necessity, that the original idea 
was radically changed one concentration between two jetties 
with consequent bar advances, which was desired avoid. This 


now cited the Report the Brunswick Bar (p. 37) one the 


three only examples such high-tide jetties the United 
The other two mentioned are Sabine Pass and Galveston, both 
which were originally designed submerged their flanks, were 
subsequently raised low water and finally high water control 
the sand movements and currents. There are, however, various other 
high-tide jetties the United States, which teach the same lesson 
congestion tides and bar advance. While the first jetty, designed, 
was being built Yaquina, under great difficulty and exposure, was 
barely awash low-water, and formed sharp re-entrant with the 
shore line. The breakers cut off from the shore breach 375 
ft. width the inner end, 1883-4, which was repaired the next 
year. 

1886 was recommended extend 000 ft., and builda 
half-tide north jetty 800 ft., with further extensions both jetties, 
the north one 200 and the south one 700 ft.; cost $800 000, 
round ultimately built the 18-ft. curve. 

The minimum depths reported the north and south channels 
were originally ft. the central channel certain seasons 
there were from ft. mean low water, while the mean tide 7.1 
ft. The proposed depths are referred mean high water and were 
ft. first, afterward changed ft., that the actual 
increase above the natural depths existing the central channel 
times would vary, when referred the same datum, from zero ft. 
The report 1886 contains map dated 1885 (Fig. 7), which shows that 
the original 500 ft. south jetty surrounded sand, the low- 
water line has advanced beyond its end, and the depths the south 
channel are still ft., and the north channel ft., while outer 
shoal only ft. depth, and ft. distant covers the entrance. 
This report states: 

Yaquina bar narrow and near land, making its crossing 
easier than wide and more seaward. The main sand move- 
ment here from the south. The outer reef natural 


breakwater and reduces the seas the bar, most favorable circum- 
stance. 

proposed north jetty location and south jetty extension are 
shown the survey map 1885 herewith. The north jetty 000 
long and projects beyond the south jetty from which 000 ft. 

istant.” 

this date, therefore, the eftect appears have been 


advance the shore line and bar without any increase depth due 
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this south jetty, which stranded between high and low water, 
although the report 1887 says: new depth ft. 
than the best heretofore observed during the same 

Operations this jetty were resumed 1886-7, and during the 
next fiscal year was extended only the south jetty 
was reported having been extended 4265 ft., and the tramway 
started for the north jetty, which 980 tons were placed 1889- 
90, and 040 tons the south jetty. 1890-91 the north jetty 
was extended 600 ft. 1891-92 part the south jetty was 
completed, and the north jetty was extended 840 ft. 

1900 was reported that the project 1881 was practically com- 
pleted 1895, comprising the construction north jetty 800 ft. 
long and south jetty 748 ft. long. 

was expected that this work would obtain depth ft. 
high water, but the results are now somewhat excess that depth. 

There present, about one-half mile from the end the jetties, 
cresent-shaped bar almost inclosing the entrance and having from 
ft. water over low low water. Around the south end 
this shoal there channel having least depth ft. low 


tide. This bar has apparently shoaled somewhat since the survey 
1895.” 


The map accompanying this report shows limiting depth the 
bar only ft. mean low water, and, the original depths were 
times from ft., the maximum depths ft. high water 
have apparently not been increased materially, all, the report 
admits, while the bar has been moving out toward the reef least 
quarter mile. 

This project 1881 was sooner reported completed 1895 
than another Board was appointed investigate and report 
view project for deeper reported that, ‘‘if any further 
deepening water could effected would only prolonging 
the present jetties,” and proposed extend the north jetty 
and the south jetty 200 remove some detached rocks the 
entrance, total cost 025 800. Congress made preliminary 
appropriation under this project June, 1896, but the work has not 
been commenced and the Board 1899 does not recommend anything 
further than the the rock. The total cost this experi- 
ment between 1880 and 1896 was about $688 000, and, view the 
history and results reported, difficult for the writer discover 
any improvement increased depths over the bar even the fixing 
the channel. 

The low-tide single jetty 1881 was amended 1888: 


raise full high water with length ft. and con- 
struct mid-tide jetty the north extend southwesterly 
This plan was further modified 1892 raise the north jetty high- 


Mr. Haupt. 
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Mr. Haupt. water level and build five spurs the channel side the south jetty 


prevent 

The depths reported 1896, were said have been increased 
from ft. mean low water, and the project was considered 
completed. 

the reported depths 1900 were bar with from ft., 
low water and channel depth ft., would appear that, the 
Board has reported, the bar has shoaled since 1895, and that the claim 
made that: These jetties Yaquina Bay have increased the depth 
from ft. mean low water, and, far the records show, 
without yet producing any new bar seaward the does not 
accord with the facts officially reported the Board Engineers 
1900. 

Considerable space has been devoted this case, believed 
furnish new evidence the success high-tide twin jetties, and 
respectfully suggested that the claim the author that for 
more than seven years, depths considerably excess those stated for 
the project have been maintained,” might modified advantage. 
The projected depths, revised, were ft. high water. The pres- 
ent map the survey 1899 (Fig. 8), made Juneand July, 
shows the best channel depth ft., which, the mean height 
the tide added, there results, 17.1 ft., nearly ft. less than 
those stated the project. Moreover, the condition here appar- 
ently not stable, but retrograding; and jetty extensions were recom- 
mended improve the depths, but not applied, was thought the 
commerce did not justify the expenditure this time. 

The author next refers Coos Bay, Columbia River and Grays 
Harbor illustrations sites where natural conditions are 
such that one jetty has already accomplished much improvement 
that the necessity for second jetty not yet apparent.” has been 
shown, however, that Coos Head and Columbia River the bars have 
advanced, and the depths diminished. That Cape Disappointment 
regarded performing the function second jetty admitted, 
while Grays Harbor the partial jetty located leeward the 
channel and gives better assurance bar control than the others. 
was sufficiently demonstrated the writer the discussion 
previous and need not repeated here. 

Dredging Tidal Entrances.—One other point importance raised 
this interesting paper. refers the methods improving ocean 
bars dredging, and the writer pleased find himself thorough 
accord with the author when says 


the forces going build the bars are intermittent, but con- 
stantly recurring, temporary expedient, such dredging, would 


Report 1896, 3241. 
Transactions, Am. Soc. E., Vol. xxxvi, 
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any special value, owing the extreme likelihood such work Mr. Haupt. 


being completely nullitied the effect single severe storm.” 

This confirmed repeated experiences exposed bars. 

the other hand, after reviewing all the several methods bar 
improvement, the author the Report the Brunswick Bar reaches 
the conclusion that, for that place, ‘‘dredging appears all 
means the most economical and satisfactory method.” 

This ocean bar about miles from land and the borders 
the trade winds where the sea frequently rough, and, while the 
cost per yard the material removed based upon dredging,” the 
author that report says been successful permanence 
the improvement.” appears have ignored the general disinte- 
grating effects the large charges (100 lbs.) dynamite which were 
used this bar simultaneously with dredging. becomes, therefore, 
important matter study the relative permanency and depths 
secured the work progressed, the data for which are furnished 
the very complete exhibits contained Doc. 355, before quoted. 

Movements the Thalweg the Brunswick Bar Channel.—First, 
the original condition, the report says 


1879 the channel depth across this bar was about ft. 
mean low water. Between 1879 and 1889 this channel became obliter- 
ated, and the best navigable depth the latter date was about ft. 


mean low water. The present navigable depth ft. mean 
low water.” 


Speaking the changes location the channel, the report says 


winds, etc.” (page 4). 

The experience the Coast Survey Assistant who, making 
survey, was detained the bar from December 27th until January 
Ath, ‘‘before the weatber permitted beginning made the 
work,” and the stormy and unfavorable season following, which still 
further prolonged the work beyond the date anticipated for 
its completion,” may taken fair type the weather that 
locality during the winter and spring months. The survey was not 
finished until April 16th, 1897. was called for the previous 
November, period six months. 

The improvement this bar began 1891 the use dynamite, 
when the best navigable depths were ft.” Since that time, 
and the end the survey made November, 1899, the increase 
was 5.6 ft., and the cost per foot depth gained was $45 293.95.* 
But the author this report says 


channel now existing Brunswick Bar has been produced 
Nature, aided very materially ordinary dredging. The useful 
effect dynamite has been very small, except possibly loosen 
material some places aid dredging. The cost the 


Senate Doc. 178, 56th Cong., 1st Session. 
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Mr. Haupt. Government all material removed, whether usefully removed 


otherwise, has been $1.13 yard, more than seven times the cost 
ordinary dredging. The channel produced has advantage per- 

manence over dredged channel similar size and location which could 
produced for about one-twelfth the cost the present 


‘‘ordinary here meant the use hydraulic plant. 
with bins. 

analysis the foregoing conclusions shows that, according 
the author, Nature and dredging allied have produced the present 
channel, upon which the effect the dynamite been very 
yet the channel thus produced dredging and Nature has 
advantage permanence over dredged channel which could 
been produced for about one-twelfth its cost. Hence, would follow 
that the work done Nature alone must have added eleven-twelfths, 
about 92%, the Therefore, the engineer should aim 
eliminate any assistance from Nature, and confine himself mechanical 
means cheapen the works. 

the permanence this channel, here stated that has 
advantage over dredged channel, while another page 
same report said this bar 


enormous bank which moves and which always. 
moves very positively one direction.” 


This being the case, unprotected, dredged channel would nat- 
urally expected fill comparatively short time unless 
protected barrier; but the report says this dynamited channel: 


has been quite successful, the permanence the im- 
provement.” 


From the maps and table page the report quoted the data. 
Table No. have been collated: 


TABLE No. 
| a a a 
and Aug.—1 650 
H |March, 1894 3 13.9 0.3 225 Garret, U. S. nN. 
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Several features are prominently brought out this exhibit 

1.—The progressive deepening, increasing more rapidly the 
channel becomes more stable. 

2.—That first the bar crest was nearly level and close 
the ordinary limit wave disturbance that few inches change 
its elevation caused great changes the location the channel. 

3.—That dredging did not begin until between December and April, 
1897, and then was merely stir up, but not carry off, thesilt. 
this date the depths had increased from 13.3 16.6 ft., and, the 
time the hydraulic dredging and removal commenced, the depth (by 
interpolation) was about 17.2 ft., showing gain, due 
dynamiting, 3.9 ft. The subsequent increase November, 1899, 
1.3 ft., but even this was not due dredging alone, the report 
shows that dynamite was used throughout the entire period, first 
and charges, and after August, 1892, charges. 

4.—The greatest change the position the channel occurred 
between September, 1891, and June, 1892, nine months, when moved 
650 ft. from its extreme southerly its extreme northerly limit, due 
change level only few inches the bar. 

5.—From June, 1892, steadily drifted back the south, and 
the depths increased the movements decreased, while the thalweg be- 
came more direct. 

6.—The path the channel never straight, but always curved; 


sharply the shoaler depths and more gradually the depths 


increased. now assumes the reverse-curve form adopted for the 
reaction breakwater. 

7.—The ratio depth before hydraulic dredging that after 
61%, although dynamite was used after well before, that the 
effort make appear that the channel was secured Nature, aided 
dredging, is, say the least, misleading. 


8.—The breadth across the bar about mile, and remains prac- 


tically constant, while the points ingress and egress are not shifting. 
The bar, therefore, has not advanced seaward, although the location 
the point least depth has been changing the depth increased. 

The effort Nature fill the channel this traveling bank 
moves very positively one direction,” the surveys also 
show. The cross-section also confirms this statement, the report 
says: 

The present channel about 300 ft. wide, and the side slopes 
the south are about north slope steeper—about 
ft. 30.” 

These slopes indicate the direction movement the bank 
southerly. (See Fig. 9.) 

The form and permanency the channel, therefore, must 
attributed the use dynamite enabling the currents select, 
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create and maintain channel along the line least resistance, and 


they all tend demonstrate that had straight channel been dredged 
across this bar any point would not have been adapted the 
natural conditions and could not have been self-maintaining. This 
the general experience elsewhere. 

But there another exhibit this report which greater im- 
portance, since from the estimated cost ($1.13 per cubic yard) 
material removed was derived. 

given page 14, and purports show the volume scour 
and deposit within certain areas, the vicinity and including the 
channel, for strips varying width from 400 000 ft., and for the 
years from April, 1891, November, 1899. From this appears that 
for the following widths the quantities for length 680 ft. are: 


166 892 net cubic yards. 


From this appears that the strip 800 ft. width shows the 
greatest net gain, and the total cost, stated Senate Doc. 178, 
56th Cong., 1st Session, $253 646.15, this, $1.13 per yard would 
require the removal 224 465 cu. yds., that the estimate appar- 
ently based upon the net displacement material during the entire 
term. But the author says that channel good the present one 
could have been secured the dredging 125 000 cu. yds. total 
cost $18 750. 

so, not severe reflection upon his predecessors that has 
never been done, either here anywhere else? 

The error this calculation arises from considering the quantity 
material given area constant, and assuming that the portion 
excavated from the channel part, least, deposited over its 
flanks, constituting merely change form without material change 
volume. produces the anomalous results, shown the first 
part Table No. viz., that for every width considered strip 
370 ft. length, between the years 1891 and 1897, there was net fill 
varying from 733 208 416 cu. yds., and yet this time the 
channel was shifting, earlier ones being filled and later ones opening, 
with gain depth channel 3.3 ft. basis payment, 
the contractor would debtor instead creditor. 

is, therefore, unjust and inaccurate measure quantities 
place, where bar motion and when superfluous material being 
constantly supplied replace that which has been removed. 

The writer knows instances dredged cuts having refilled 
within few months the completion the contract. Had the 
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Mr. Haupt. material been measured place instead the scow, the contractor 
would have been ruined, and must everyone who undertakes 
base his bid net measurements before and after execution. 

follows, therefore, that any conclusions based upon the cost 
dredging moving ocean bar even cents per yard, with the 
hope securing and maintaining permanent channel, must end 
disappointment and failure. The record experience doubt 
more value than many opinions, and that shows that the cost obtain- 
ing depths any the existing auxiliary methods about ten-fold 
that the method pursued Brunswick, for each foot depth actu- 
ally secured. 

This demonstration the use dynamite agent assisting 
Nature has, therefore, proved remarkably successful the 
Brunswick Bar, which has not shoaled materially the past ten years, 
during which work has been done. the various 
methods used the United States during the past thirty years shows 
that they have not fulfilled the conditions laid down for them. 

The two-jetty plan submerged jetties designed for tidal estu- 
aries has been abandoned, and Charleston, where they were con- 
structed cost about 000, the fallacy admitting the 
sand over the only carried seaward ebb tosupply the bar 
fully demonstrated. Low-tide jetties have been raised mid-tide 
and subsequently high water control the sand and 
defend the channel, but, rule, the foreshore advances and the bars 
still move seaward retaining the same depths except they are in- 
creased temporarily dredging large annual cost for maintenance; 

while the tidal energy reduced the partial dams built the flanks 
the entrances. 
When single jetties have been attempted they have been constructed, 

almost invariably, first the wrong side the channel, where they 
have created deposits and more rapid advance the bar seaward; 
and, ultimately, second jetty has been required restrain the drift, 
but after was too late and the original entrance was closed, 
Cumberland Sound. These expensive experiments, which there are 
many record, not seem have led any modifications 
practice, for still build the single jetty the 


leeward side the channel, where must dam up; and the method 
tentative experimentation goes merrily on. 

Mr. Black. Am. Soc. E.—As age increases, the engineer, 
all men, can bear witness the more from his heart that hindsight 
much more sure than foresight. 

considering the Charleston and other jetties 
Coast, mentioned Professor Haupt his comprehensive discussion 
this interesting paper, should remembered that they were 
designed about thirty years ago, and that has been found advan- 
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tageous complete them the original lines rather than make them Mr. Black. 


conform more closely the plans which more recent experience has 

shown best. 
Much has been written recently. concerning the efficiency jetties 

ocean bars. appears the speaker, however, that the dis- 
cussions there are several principles which are frequently lost sight of. 
Let take, first all, the sand movement. What produces the bar 
the first place? The sand not banked opposite the mouth 
river originally; comes from somewhere. the South Atlantic 
Coast known that there strong and almost continuous sand 
movement. This has been shown conclusively the mouth the 
Cape Fear River, C., and the St. John’s River, Fla., for 
example. the mouth the St. John’s River, one stage the 
jetty construction, great deal sand was impounded the north 
side the jetties, and portion passed around the jetties and 
was impounded the south side. resort had been located 
Pablo Beach, about miles below, and the result this impound- 
ing the sand the jetties was erosion the coast Pablo 
Beach extent sufficient cause alarm the cottagers. soon 
the sand had accumulated quantity sufficient fill the basins 
formed the jetties, the movement along the coast was resumed and 
the erosion Pablo stopped. 

Along all our flat Atlantic Coast, sea bathers know that after 
storm the foreshore for some distance out furrows. After 
storm beach which has been perfectly flat before the storm shows 
number deep channels running parallel the coast. During 
northeast gale, the waves approach the shore from the northeast 
line oblique the coast. they reach shoal water they are wheeled, 
were, partly parallel the coast, but never entirely so. soon 
wave gets into water which the depth about twice its height, 
the bottom the wave stopped; portion its energy trans- 
formed into motion translation the bottom the 
ocean stirred and the sand carried ashore. When the wave 
finally breaks, more sand stirred up. The sand carried upon the 
beach with the wave wash which moves obliquely the beach, turns 
and runs back, not opposite the point which the wave struck, but 
further south. the same time the whole the ocean 
measure backed against the shore. The level actually raised. 
the harbors this coast the flood tides are frequently made much 
higher, and sometimes the ebb entirely imperceptible for twenty- 
four hours. 

These two causes form, during every northeast gale, very strong 
current close inshore, running the direction the line least 
resistance, which, under northeast gale, generally the south, 
south Central New Jersey. The sand eroded one place ordi- 
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Mr. Black. narily replaced that eroded the north it; but any part 
impounded, the invariable result make evident the cutting 
below. making groins for building out the coast, the first result 
always cutting—on the South Atlantic Coast the south the 
groin, with fill the north the groin. the fill increases, the 
sand the north works around south. This sand movement 
the cause the wind and wave bars, and natural suppose 
that that action does not cease, but continually recurring. The 
height the bar function the currents and the storms. 
When gets too high the top swept off and carried along; when 
too low filled up. places that movement very rapid; 
other places very slow; that the condition even sand bars 
our harbors may very stable very unstable, and whether 
stable unstable can only determined study the local con- 
ditions. Pensacola, for instance, the bar heavy, coarse sand, 
and quite stable. the mouth the St. John’s River, and the 
mouth the Cumberland Sound, the bar very light sand and 
very unstable. 
Opposite opening the coast there deflection what may 
termed the sand current, seaward, because the ebb has joined 
the drainage the area the interior, and leaves the coast line, 
directed the banks the interior waterway, definite force. 
result, the deep-water channel the interior waterway con- 
served for longer shorter distance seaward from the shore line, 
and the sand flow along the coast pushed out, making the crescent- 
shaped bar which much has been said—pushed out until the ebb 
currents have chance spread and lose their force. 
Now, bar that kind, evident that there are two distinct 
parts the work its improvement. The firstisto cut through the 


obstructing bar; the second, entirely distinct from the first, keep 
cut through; for evident that the forces which formed that bar 
first will work maintain it. also evident that that movement 
along the coast, the direction the resultant storm action, only 
extends certain depth, and that sand can piled that depth 
with certain degree stability. soon this depth decreased 
the wave and current action bound move the deposit along 

exactly the same way before. stated, that depth function 
the wave height. the Pacific Coast the shores are very abrupt and 
the waves are high—as high ft.—and breaking fathoms, 
stated the author. There the action would take place greater 
depth than the Atlantic Coast, where the water much more 


The first problem that must solved when jetties are used 
how guide the ebb currents direct their force and 


shallow and the foreshore much flatter. 
the point where needed; other words, prevent the water the ebb 
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from spreading and losing its force before reaches the bar. For Mr. Black 


that reason, almost ail cases, essential hold the jetties close 
together some point. the case converging jetties, the shore 
ends have effect the direction the current only through the sand 
impounded between them and the channel. When the channel near 
the shore stable, this form jetties good, otherwise not. 
Where work done bar, the head the water 
must held until the bar reached, and for this evident that 
the jetties must continuous from the shore out. Otherwise, there 
would spreading the channel flow close inshore, with loss 
effective force. 

Much has been said about jetty the leeward and jetty the 
windward, and yet considered that the head must conserved 
until the point for work reached, evident that one jetty will 
rarely its work. Taking the sand movement the South Atlantic 
Coast from north south, the jetty placed the north side the 
sand will impounded for certain time, and the currents, which 
general leave the shore right angles the coast, will continued 
direction. But there nothing prevent the spreading before the 
working reached, which frequently mile from the coast. 
the jetty placed the south, concave the current order 
hold it, when the sand movement sufficiently marked, making the 
bar obstinate, were, shallow false channels will branch out the 
north inside the channel bar, and the effective force will again lost. 
one case the sand kept away; the other case the current con- 
served little better; but both cases results are disappointing. Did 
time permit, these statements could illustrated from the history 
both the St. John’s River and Galveston 

Suppose the jetties place and the channel scoured out. Nothing 
has been done stop the sand movement. makes difference 
how high the jetty built. course time, sufficient sand will 
impounded renew the sand movement across and around its end. 
Building the jetty high with the hope impounding all the sand that 
going move the next fifty years seems rather futile, and does 
not appeal the speaker. 

believed that all the harbors the Atlantic Coast, and 
less extent the Pacific Coast (because the movement there seems 
very much slower than the Atlantic Coast), necessary first 
all have the jetties placed cause the currents bore through 
the bar, and maintain the channel fixed position, that can- 
not shift under storm action; and then further necessary take 
care the constantly incoming sand exactly has been necessary 
the very much smaller jetties the north France. The amount 


sand coming year year can measured. the mouth the 
St. John’s was measured quite accurately. 
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The jetties hold the channel. The annual accumulations must 
removed dredging, and the work cutting the channel 
originally dredging used, there will little movement the 
bar seaward. The dredging can done between the jetties, the 
side from which the obstructing movement comes, frequently the 
custom France, making basin which the sand shingle will 
deposited, and that way not interfering with navigation. The 
channels our country are ordinarily broad that dredge can 
worked them efficiently. the French jetties, the channel 
narrow that dredge cannot operate there without interfering with 
navigation. 

There has been something said this discussion about the com- 
parison maps. Anyone who knows these unstable bars very well 
knows that unless map made about once month, map study may 
very misleading, because the conditions change radically from 
month month. Usually, the Atlantic Coast northeast gales begin 
September and last until April. the summer time southeast gales 
‘are not rare. The map will show the results the last storm action, 
not necessarily the resultant storm action, nor the normal condi- 
tions. dangerous draw close conclusions from maps taken 
long intervals. 

regard the use dynamite Brunswick, deduc- 
tions from the published reports are quite the reverse those formed 
Professor Haupt. 

the speaker, seemed that the use dynamite has been abso- 
lutely avail. The effects the stirring sand any means 
—by propeller dredging anything else—is well known. There 
difficulty all getting any depth wanted propeller dredging. 
The only difficulty that the depth lost ft., because 
requires quite high velocity and constant agitation keep sand 
motion. must stirred and then kept moving. Propeller 

dredging has been resorted very efficaciously narrow bar 
bounded deep water, but over broad bar, any local effect that 
kind bound local, and what gained one place lost 
another. The current will not carry sand Captain 
Gillette’s paper, which Professor Haupt alludes, great interest. 
Captain Gillette recommends the use dredging the Brunswick 
bar, believing that the channel will sufficiently stable. Perhaps 
Perhaps will not. the absence intimate knowledge 
the local conditions, impossible for outsiders judge. 

The conditions the Pacific Coast Coos Bay seemed the 
speaker, reading the report and looking the maps, obscure. 
The resultant storms along that coast undoubtedly are from the south. 
The movement sand the mouth the Columbia River un- 
doubtedly from the south, and yet the formation Coos Bay would 
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seem show local movement sand from the north. That might mr. Black. 
come from some local current wind action due toa bight the 
coast. During the past year many theories have been advanced relat- 
ing the disposal the sewage the City Havana. Everybody 
knows that the Gulf Stream flows between the Florida Reefs and the 
coast Cuba from west east, and flows with much velocity, and 
taken for granted that there current from west east the 
north coast Cuba. matter fact, the City Havana 
bight, and the current there almost invariably, with very few excep- 
tions the month, decidedly from east west. that where there 
bight local cause that kind, very apt formed, and 
the local movement may exactly the opposite direction. From 
looking the maps, the speaker judges there must some local sand 
movement Coos Bay, movement close inshore from north south. 
These things are only mentioned order emphasize the fact that 
impossible judge the conditions any point from maps 
taken long intervals and without intimate knowledge. 


Am. Soe. (by letter).—The author gives Mr. Ripley. 
interesting description the general physical characteristics the 
North Pacific Coast and the local conditions found Coos Bay be- 
fore work was commenced. also gives very fair diagnosis the 
case and describes the treatment applied, and, far the work 
has been executed, seems regard the results eminently suc- 
cessful, although deems probable that the south jetty will have 
built before the undesirable fluctuations channel depth can 
controlled. However, apparently realizes the possibility ef- 
fecting improvement means one jetty, where says: 

was clearly evident that the north jetty would certainly 
necessary, but, before commencing work, was not plain that the 
south jetty could not dispensed with.” 

will interesting, therefore, will explain how the north 
jetty could expected intercept the sand drift from the south, 
which the prevailing littoral movement, and why should expect 
results Coos Bay different from those Charleston, C.; Cumber- 
land Sound, Ga. and Fla. St. Johns River, Fla.; Galveston and Aransas 
Pass, Texas, and many other places the Atlantic and Gulf coasts 
where there have been expended many millions dollars experi- 
ments this nature. 

the author will put the 22-ft. contour depth the map 
the August, 1899, survey (Fig. 5), will find area deep water 
lying the north the north jetty having length over 000 ft. 
and maximum depth ft. Had the south jetty been built first, 
this deep-water area would have been the channel instead behind 
the jetty, and, with the channel defended from the sand movement 
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from the south, increased channel depth considerable degree 
permanence would have been maintained. seems, therefore, that 
the north jetty was certainly not the one build first, and, either 
jetty could omitted entirely, would the north jetty that could 
dispensed with. 

examine little more into the details the changes, 
that from 1885 1899 the bar, shown the 18-ft. contour outside, 
has advanced 000 ft., and from 1894 1899 the channel width, be- 
tween the 18-ft. contour and the jetty, has diminished from 800 ft. 
425 ft. and the south shoal has completely overlapped the entrance 
channel. 

The author states that, with one exception, November, 1899, when 
the depth shoaled for several weeks ft., due long and severe 
southwesterly storm, depth from ft. has been maintained 
for seven years. seen, however, reference the map the 
1899 survey, that vessel, avail itself the best depth water, 
would have cross the bar broadside the sea and make right- 
angle turn near the outer end the jetty before making the entrance 
feat quite impossible accomplishment except for the shortest 
vessels and when the sea comparatively smooth. But he, neverthe- 
less, assures that, thus far, this improvement has been eminently 
successful. When remembered, however, that the most important 
function determining the commercial value port the uni- 
formity available depth, and that fluctuation much ft. 
possible here, not apparent wherein this work has been 
eminently successful. 

That the work has produced important changes, there gain- 
saying. equally true that the average depth entrance has 
been increased. But these changes have been largely subject the 
caprice wind and wave, and have sense been under the control 
the works. The advance the bar will increase the cost 
ond jetty, and the complete accomplishment satisfactory improve- 
ment will more expensive than had this work not been done all. 

The author, however, seems realize the real essentials success 
when says: 

works can devised prevent the encroachment the sand 
the channel and the same time prevent the divergence and dissi- 
pation the effect the ebb tides, confining and directing these 
tidal currents selected point the bar, improvement may con- 
fidently expected.” 

And equally apparent that the works thus far have not any 
measure met the conditions here imposed. 

the author had read and appreciated the valuable writings 
Haupt, Am. Soc. E., and others, this subject, read before 
numerous scientific organizations this country within the last fifteen 
years, the discussions before this Society its members, the valuable 
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papers read the meetings the International Navigation Congress, Mr. Ripley. 
and had seen the results single jetty properly located the 
Malamoco entrance the Harbor Venice, and the remarkable re- 
sults from the reaction curved breakwater, partially completed 
Aransas Pass, Tex., would have realized the possibility fulfilling 
the foregoing conditions and thereby effecting complete and per- 
manent improvement means single curved structure, either de- 
tached from attached the shore, and cost from 25% 50% 
the cost under the adopted plan. 
The writer’s experience with brush mattresses agrees with that 
the author. was found the Texas. coast, long ago 1885, 
that stone made much better protection from scour and undermining 
than brush work, and where the teredo operates much cheaper 
than brush, even when stone costs much per ton. 
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PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE LAWRENCE, MASS., CITY FILTER: HIS- 
TORY ITS INSTALLATION AND 


MAINTENANCE. 

Discussion.* 

more general interest than the statement regard the rapid 

increase pollution the river water. The authors refer the 

amount sewage entering the river during the years from 1887 

1890 about gall. 600 the water Lawrence, which 
had increased, they estimate, 200 for the year 1900, ora 

threefold increase eleven twelve years. 

first, this estimate the increase would seem excessive, 
but study various matters connected therewith indicates that 
approximately right. Table No. shows the total population upon 
the water-shed, computed from each national census from 1850 1900, 
and also that part the whole living cities and towns. 


This discussion (of the paper Morris Knowles, Am. Soc. E., and Charles 
Gilman Hyde, E., printed Proceedings for April, 1901) printed Proceedings 
order that the views expressed may brought before all members the Society for 
further discussion. 

Communications this subject received prior September 28th, 1901, will 
printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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TABLE No. THE WATER-SHED THE MERRIMAC Mr. Hazen. 
ABovE LAWRENCE. 


Total 


Cities and 
population Rural: Cities and |towns hav- 
Year. upon over hav-| ing puri- amount 

shed. works, 
416 000 161 000 207 000 140 000 
000 164 000 000 000 250 000 


Table No. also shows the population towns having sewers 
the various dates, nearly the speaker can obtain the figures, and 
the population towns having sewage purification works. These 
results are shown graphically Fig. 

For the purpose estimating the relative poll ution the river 
the various periods, the speaker has attempted reduce the sewage 
pollution from the various classes population equivalent 
pollution from population connected with sewers discharging directly 
the river. doing this necessary make number esti- 
mates which, from the nature the case, can only roughly 
approximate. The first estimate the proportion the population 
connected with the sewers towns having sewers. Most the larger 
upon this water-shed introduced water and constructed sewers 
the decade ending with 1880. The proportion the population 
connected with sewers 1880 was comparatively small. Generally, 
the sewers first reached only the more densely populated areas. 
Cesspools were common use, and some trouble and expense were 
involved making sewer connections, the use cesspools was only 
slowly discontinued. The proportion the population connected 
with sewers sewered towns has steadily until the present 

For the purpose this estimate assumed that 30% the 
population cities and towns having sewers was connected with the 
sewers 1880; 60% 1890, and 90% 1900. The remainder the 
population assumed have the same polluting effect living 
unsewered towns. further assumed that the sewage 
towns having sewage purification works, including the chance dis- 
charge raw sewage, have 20% the polluting power the raw 
sewage, and that the pollution from the population unsewered towns 
000 inhabitants and over equivalent the sewage one-tenth, 
and that from rural population one-twentieth, that population, 
discharged directly. The relative pollution the river different 
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times, computed this way, shown the last column Table 
No. 22. 

These results indicate that, general way, during the last three 
decades the pollution the river has doubled every ten years, or, 
other words, the annual increase pollution has been about 7%, 
figure only little less than that indicated the authors’ 
This result confirmed analyses the river water made the 
State Board Health. The annual average free ammonia the river 
water above Lawrence probably, the whole, the best index, from 
chemical standpoint, the amount sewage pollution. The figures 
have been shown Table No. 23. 


TABLE No. 23. 
Annual average Annual average Annual average 
‘free ammonia free ammonia free ammonia 
Year. raw water Law- Year. raw water Law- Year. raw water Law- 
rence, parts per rence, parts per rence, parts per 
100 000. 100 000. 100 000. 
1888 1892 0.0042 1896... 0.0068 
1889 0.0030 1893 0.0057 1897... 0.0049 
1890 0.0046 1894 0.0062 1898... 0.0050 
1891 0.0040 1895 0.0064 1899... 


There some fluctuation from year year, but, the whole, the 
increase corresponds substantially the rate just indicated. This is. 
shown Fig. which the free ammonia plotted comparison 
with the relative pollution just computed. 

should said, justice those who were responsible for the 
introduction the raw water quarter century ago, that the 
river water was, that time, from the present standpoint, compara- 
tively unpolluted; and not improbable, that, looking the 
matter broadly, the introduction public water supply its time 
later date. 

The comparison between different water-sheds, made the 
authors, interesting, but their figures need some revision. Their 
estimates the growth rural population are too great. Rural 
population the Northeastern states has rarely increased the last 
thirty years, and has often decreased. the water-shed the 
Hudson, above Albany, the total population, the census 1900, is. 
only per square mile instead 93, estimated the authors. 

Table No. shows the drainage area rivers points where 
they are used for public water supplies some the larger cities 
the United States, and the urban populations upon these water-sheds, 


including all cities and towns more than 000 inhabitants, the 


census 1900. 
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TABLE No. AREAS, AND URBAN POPULATIONS UPON 
THEM, CERTAIN RIVERS USED FOR WATER SUPPLIES. 


Urban popula- 
Drainage Population 
Place. River. area, square per square 

miles. intake, 1900. mile. 
Chester, Pa..... 450 810 029 
Philadelphia, 915 186 682 
Lawrence, Mass............ Merrimac....... 634 869 
Poughkeepsie, Y...... 600 531 687 
Philadelphia, 186 242 788 
Evansville, Ky........... 107 000 560 853 
Harrisburg, Pa............ Susquehanna... 030 584 672 
Cincinnati, Ohio..... 400 572 527 
Pittsburg, Pa...............| Monongahela... 600 156 412 
Pittsburg, Pa...... 400 182 332 
Davenport, Ia..... Mississippi... 842 670 274 
Washington, D.C.......... Potomac........ 476 
Dubuque, Ia....... 322 583 884 
New Orleans, La........... Mississippi......| 261 084 162 139 
St. Louis, Mo......... Mississippi...... 700 663 393 016 
Chattanooga, Tenn........ 418 826 
Knoxville, Tenn........... Tennessee....... 530 189 
Kansas City, Mo....... 426 893 667 
Little Rock, Ark..... 157 466 285 507 
St. Joseph, Mo.............| Missouri........ 426 000 501 902 


The urban population upon water-shed one the most useful 
indications the relative pollution the water; but must 
remembered that there are many other considerations, such velocity 
flow, and amount precipitation and evaporation, which must 
taken into account; and this could accurately done, the order 
the cities this table might very greatly changed. popula- 
tion water-shed much less important source pollution 
than urban population. 

The cost operation the Lawrence filter seems excessive, when 
compared with figures for plants built sections and more con- 
veniently arranged for economical operation. should not for- 
gotten, however, that this was accompanied very low cost 
construction; and when reasonable interest and sinking fund charges 
are taken into account, the total cost quite moderate. The absence 
preliminary pumping important element this result. The 
results Lawrence and Albany may compared, for instance, 
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with allowance for interest and sinking fund charges, and, 
using round figures, are shown Table No. 25. 


TABLE No. 25. 


Lawrence. Albany 
Quantity water per annum, million gallons.... 
Cost operation per million gallons.............. $7.70 $4.75 
Cost operation 359 $20 900 
Interest and sinking fund charges, 500 000 


These figures indicate that the total cost filtered water delivered 
the pump well, including preliminary expenses, substantially 
the same Lawrence and Albany. 

The most striking result the Lawrence filter has been the reduc- 
tion the city’s typhoid fever death rate. Fig. this death rate 
plotted from 1878 1900. For comparison, corresponding death 
rates for Newark, New York City (Manhattan and Bronx), State 
Massachusetts, Lowell, Albany and Pittsburg are shown for many 
years data are available. 

Under each death-rate plotting there band indicating the char- 
acter the water supply. Unpurified river water indicated 
black band. Unpolluted purified water alight band. Under 
Massachusetts, the proportion black the band shows approxi- 
mately the proportion the total towns not having 
public water supplies, Dr. Abbott, Secretary the State 
Board Health, has shown that the whole State the amount 
typhoid fever has decreased substantially the same ratio this 
part the population. 

The conditions Lowell have been, many respects, similar 
those Lawrence. Lowell eight miles above Lawrence the 
Merrimac River. Both cities used the Merrimac River water, while 
the other cities the river did not. When the river water was first 
introduced the typhoid fever death rates decreased, indicating prob- 
ably that the river water was, that time, average, less poison- 
ous than the wells which superseded. Afterward, with the rapidly 
increasing pollution, the typhoid fever rates increased both Lowell 
and Lawrence, until about 1890, when they became high attract 
serious attention; with the result that the conclusion was reached that 
the river water was responsible for large number the deaths from 

typhoid fever; and measures were taken for improving changing 
the supplies. 

Lawrence the city filter was constructed. Lowell under- 
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‘ground source supply was secured. Lawrence the change was Mr. Hazen. 


made September, 1893, while Lowell extended over three years, 
from 1893 1896, shown Fig. The reductions the death 
rates both cities were very marked. Lawrence the reduction 
was more abrupt than Lowell, corresponding the way which 
the supply was changed. Both cities now have substantially the same 
typhoid fever death rates, which rates are slightly lower than the 
average for the State. 

both cases the reduction the typhoid rate seems have com- 
menced little before the change the water supply. The same 
thing has also been observed other cases, and has been taken 
many indication that the change supply was only respon- 
sible for part the reduction, and that much the improvement 
would have been realized even though change had been made 
the water supply. 

the cases Lowell and Lawrence, least, the speaker thinks 
there nothing bear out such assumption. Prior 1890 the 
typhoid fever rates both cities had increased rapidly, notwithstand- 
ing the improvements the methods treating the disease, and 
the general sanitary conditions, which the authors refer. The pollu- 
tion the river water was increasing rapidly, and, had change 
been made the water supplies, there every reason believe that, 
notwithstanding the continued improvements the directions men- 
tioned, the typhoid fever death rates would have increased, and would 
have been greater the present time than ten years ago. 

How, then, shall account for the reduction just before the intro- 
duction the new water? There may various reasons, but two 
circumstances least deserve consideration. the first place, the 
typhoid fever death rate fluctuates from year year. The conditions 
which control the dissemination the disease water are compli- 
cated and change with conditions weather, stream flow, etc. Gen- 
erally, the highest rates occur intervals several years, between 
which lower rates are observed. unusual increase typhoid fever 
attracts attention, excites public interest, and results the determi- 
nation get new source water supply. The new supply 
ally introduced few years later, when, the natural course events, 
there has been decline the typhoid fever death rate from the 
summit, and before the inevitable increase another summit has 
begun. second reason for the decline prior the introduction 
the new water that the official recognition the injurious character 
the water, which involved the determination secure another 
source supply, makes the inhabitants more careful the use the 
existing supply, and this way tends reduce its effect upon the 
death rate. 

The reductions Lawrence and Lowell for the years 1890 1892 
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were hardly more striking than corresponding reductions Albany 
and Pittsburg, shown Fig. but there this difference, that 
Lowell, with new water supply, the reduction continued 
accelerated rate, while Albany and Pittsburg the reduction 
did not continue, but the contrary, rates have since occurred 
high higher than those previously experienced. speaking 
Albany, reference made only the period prior the introduction 
filtered water. Since that time, the death rate has been much 
lower. 

interesting comparison furnished Newark, which intro- 
duced 1892 gravity supply from unpolluted sources place 
the Passaic River water previously used. The reduction the 
typhoid death rate Newark was almost striking Lawrence 
and Lowell. 

view the foregoing, the speaker believes that the authors’ esti- 
mate the amount reduction due the construction the 
filter far below the truth; and that case the water supplies 
Lowell and Lawrence had remained they were 1890, the death 
rates would have increased instead decreasing they have done. 
The introduction new water supply each case resulted 
radical reduction the typhoid fever death rate, and the reduction 
Lawrence, where filtered water from avery highly polluted source was 
used, was quite great, and the subsequent death rate has been 
low, Lowell, where the new supply was ground-water, which 
can hardly supposed carry any germs disease, and 
Newark, where the new supply from unpolluted sources. 

While the most striking reduction the death rate following the 
use filtered water was typhoid fever, the general death rate 
showed very considerable reduction. Table No. shows the death 
rate per thousand living for the seven years that the filter has been 
operation, together with the corresponding rates for three preceding 
periods each. 


1873 1900. 


Total Total Total 
Year deaths Year deaths Year. deaths Year. deaths 
per 1000. per per per 1000. 
22.7 22.9 24.5 1898..... 19.7 
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The reduction the general death rate the last seven years, Mr. 


compared with the seven preceding years, several times large 
the reduction the typhoid fever death rate, and perhaps indicates 
the effect the quality the water other diseases. The question 
how far this due the water supply, and how far improved 
general sanitary conditions, may properly raised; but the very de- 
cided reduction the time the introduction the filter, and the 
steadiness with which the rate has continued lower level since, 
seem indicate that the water supply had something with the 
reduction, and that the coincidence was 

There particularly interesting bistory connected with this 
filter, which, unfortunately, not included paper. This history 
relates repairs made the underdrainage system 1898. These 
repairs were made necessary because there was water-tight bottom 
the filter, and certain amount ground-water entered from 
“below, and this ground-water carried iron, and where the iron-contain- 
ing ground-water came contact with air, aerated water, conditions 
were formed which allowed the growth plant called 
The growth Crenothrix took place about and the underdrains, 
and gradually closed them. became evident that unless something 
was done, supply water could not secured. correct 
this became necessary dig and reconstruct the drainage system. 
the filter all one unit, the work had done during the short 
intervals when the filter was drained; and perhaps not surprising 
that, owing the disturbance, the bacterial efficiency fell consider- 
ably, namely 97.7% for November, and 94.3% for December, 
1898, after which the efficiency rapidly regained its ordinary standard. 
This decreased efficiency was followed early 1899 very con- 
siderable increase the number cases typhoid fever the city, 
and the deaths from this cause for the year were about double, ten 
more than the average for the years before and after. 

the face it, and the absence other explanation, seems 
probable that this increase the typhoid fever death rate was the 
price which the City Lawrence paid for repairing the filter while 
maintaining the supply from it; and the speaker thinks that this 
experience may teach one the most useful lessons found the 
history the Lawrence filter. shows, number correspond- 
ing experiences Europe showed many years ago, that very slight. 
falling off the efficiency filtration may affect considerable 
extent the health the people using the water; and that the death 
rate the city decidedly function the number bacteria 
remaining the filtered water, even though that number compara- 
tively small. 

The question may raised whether even the best possible 
filtration removes all the typhoid germs from the water, and whether 
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some the remaining typhoid fever the city not caused the 
filtered water, even under the most perfect conditions. Present evi- 
dence certainly not conclusive this point. The most that can 
said that such reduction the number bacteria caused 
the best filtration reduces very largely the death rate from phoid fever 
among the users the water; and that water filtered, even though 
taken from much-polluted sources, compares favorably from hygienic 
standpoint with the best water supplies otherwise obtained. 
certain evidence can produced that typhoid fever caused 
waters filtered what may considered the best methods, nor, 
from the nature the case, can evidence produced that typhoid 
fever caused them; but known that any caused, the 
amount must extremely small. 

This experience Lawrence should warn that not safe 
regard unimportant the numbers bacteria passing filter, and 
regard one percentage removal good another long all 
the percentages are above some arbitrary limit; and the present 
state the art the speaker thinks that should not content with 
anything less than the highest bacterial efficiency which can 
obtained any practicable means. 

The authors’ statement that the filter was constructed according 
plans and directions given the State Board Health is, the speaker 
believes, not strictly correct. The plans were not furnished the 
Board, but Mr. Hiram Mills, member the Board, who acted 
this connection entirely public-spirited citizen, and not offi- 
cially. Mr. Mills gave his services the city and received com- 
pensation for them. 

Mr. Mills’ personal interest the filter should not without 
notice. was Chief Engineer the Essex Company. The Essex 
Company had created Lawrence, and was, perhaps, more directly inter- 
ested its welfare than any other corporation individual. 
hardly possible speak too highly Mr. Mills’ interest the city, 
and securing for that which was best. The speaker does not 
overstate the case saying that the construction the Lawrence 
filter was solely due the untiring and well-directed efforts Mr. 
Mills, who met and overcame all the objections which were raised 
it, and carried the project through successfully. 

The Lawrence filter has resulted saving many hundred lives and 
preventing thousands cases sickness. Its original purpose has 
been splendidly achieved, and all the expenditures involved would 
have been fully justified even though they had been many times 
greater than they have been. The lessons that can learned from 
its history are many; but, perhaps, none more important than 
the courageous application principles deduced from careful experi- 
ment and well-founded theory, but not yet substantiated practice. 
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The Lawrence filter was large sense the beginning water Mr. Hazen. 


purification America. This particularly true when the matter 
considered from hygienic standpoint. few filter plants had been 
built America before the Lawrence filter, but these earlier plants 
had been directed largely principally toward improving the physi- 
character the water. Lawrence, for the first time, filter 
was constructed with the deliberate purpose reducing the death 
rate. The success that was achieved accomplishing this result 
attracted the attention the whole country, and was the greatest 
service directing attention and energy most important subject, 


which that time had not received the attention which 
deserved. 


Spurr Esq. (by letter).—The authors have cer- 
tainly done much advance the knowledge the subject water 
purification this complete compilation data connected with the 
Lawrence filter, the classic its type, America. 

The educational value this paper must very high, the 
authors have faithfully recorded the various steps which have been 
taken since the inception the work and the direction better 
and more economical operation. 

The paper has value helping realize how much sanitary 
science owes Mr. Hiram Mills and his associates who gave freely 
their time and knowledge, spite local distrust, and, small 
appropriation, built filter which has stood well the test over 
seven years daily operation. 


The authors have treated their subject carefully and judicially 
that there little said criticism. 


They have brought out, among others, the following important 
points: 

The efficiency the filter, made evident the improved 
health the community. 

The permanency the results obtained. 


The trouble due entrainment air, caused filling the filter 
rapidly from above. 


The efficiency continuous, compared with intermittent, 
filtration. 


The lack economy shown not building covered filters and 
not equipping the plant better generally. 


The economies effected the cost scraping, sand washing, 


They have also succeeded bringing light many useful and 
hitherto inaccessible data cost. 


The writer would like ask whether not there were any diffi- 
culties experienced account the character the bottom 


Resident Expert, Water Purification Station, New Orleans, La. 
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the filter, which, has always understood, was not made absolutely 
water-tight? 

The average total hardness the Potomac water, determined 
the writer, parts per million; this figure might fill the blank 
Table No. 


tion have long been debt the Lawrence, Mass., water filter, 
work has done, and the Massachusetts State Board Health for 
making known the results obtained. This debt now further increased 
the very comprehensive and complete descriptions and details 
operation and cost given the authors this paper. 

This plant does not now represent the best practice, either design 
operation, and the what avoid are indicated the 
details cost given. few these points seem be: 

1.—The desirability subdividing the filter area into two more 
units, such size that one unit may taken out use for cleaning 
refilling with sand, without embarrassing the general operation 
the water supply. 

2.—The desirability covering filters, where the winter 
ture approaches that Lawrence. 

3.—The substitution other than manual labor, where pos- 
sible and feasible, carry out the maintenance operations. 

make comparisons along these lines, addition the data given 
this paper, there are available the records the Poughkeepsie 
filter,* the operation expense for the Mount Vernon and also 
the operating cost the Albany filters. 

Table No. these records are compared with those the Law- 
rence filter for the year 1900, except that the Albany records are for 
the sixteen months’ operation from September, 1899, December 29th, 
1900. 


Table No. arranged near may corresponding items. 


TABLE No. 27.—Cost FILTERED. 


LAWRENCE. POUGHKEEPSIE. Mount VERNON. ALBANY. 
Sanding........ Washing and Wheeling out.. $0.69 

replacing 
care Washing....... 0.75|Washing......... 0.42 
grounds, tools, Incidentals and 
$7.70 $4.32 $4.05 $1.66 


Report the Board Public Works, Poughkeepsie, Y., for the 
year 1900. 
Engineering News, May 30th, 1901. 
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The filters the first three places are uncovered, Albany they Mr. Bailey. 


are covered. 

The number units the plants are, Lawrence Pough- 

Direct comparisons these costs cannot made, each city has 
some item not included the others, and the cost upon different 
basis, follows: 

Lawrence, laborers are paid $2.00 for nine hours’ work. 
Albany and Poughkeepsie, the pay $1.50 for eight hours’ work. 
Lawrence, therefore, pays 18.5% more for labor. not exactly 
correct reduce Lawrence’s gross cost this amount, but, nearly 
all the operating cost for labor, reducing comparative basis 
more nearly obtained. for work not neces- 
sary the same extent the other plants, and probably due the 
location this individual plant and not filtration generally. 

Poughkeepsie 000 cu. yds. sand were scraped from the beds. 
Only 910 cu. yds. were washed and replaced. round out the cost, 
additional amount $0.07 should added. The quantity 
The cost this water not included, and, the basis their 
pumping expenses, $0.10 should added for this. 

Mount Vernon cost added for wash water. Their washer 
approximately the same Lawrence and Albany. This allow- 
ance should therefore about $0.05. their cost charge made 
for maintenance grounds, that being charged 
Without any definite information, assumed that this cost ap- 
proximately $0.20 per million gallons. their exhibit there 
item $0.23 for new sand, which should omitted, should 
charged construction, or, make for sand lost 
washing, should distributed through all the years operation. 


TABLE No. 28.—Apsustep Comparisons Cost PER 
GALLONS FILTERED. 


LAWRENCE. POUGHKEEPSIE. VERNON. ALBANY. 
| 
$1.31 $1.31 $0.69 
1,02 0.37 0.42 
Removing ice..... 1.57 0.60 0.23 0.61 
0.49 1.59 0.30 
$6.30 $4.48 $2.27 


Albany, the filters are covered. this were done only 
prevent ice and ice removal, compare with other plants, 
the cost the covering, say, $15 000 per acre, for sixteen months, 
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and this were divided the quantity filtered, the charge for ice 
removal would $0.61. 

recalculating few other items, reduce them common 
basis, and taking into account all the foregoing, the ordinary cost 
filtering this method would shown Table No. 28. 

The basis all operation sand filters the work done with the 
filtering sand. Its handling, its scraping, its moving out, washing and 
replacing the bed, and the conveniences and facilities for handling 
the sand, the lack them, make the vost. interesting 
note that the cost each these plants almost directly propor- 
tional the amount sand handled, shown Table No. 29. 


TABLE No. 29. 


Sand, 


Sand 
cubic Propor- 


ered. 


Poughkeepsie 
Mount Vernon 


New sand deducted. 


The water Albany more turbid, and contains more suspended 
matter than either Lawrence Poughkeepsie, and presumed 
more than Mount Vernon. Ordinarily, this would involve greater 
cost operation Albany than any the other cities. Generally 
speaking, the turbidity and suspended matter the water are the 
dominant factors which control the selection method filtration, 
and the numerous investigations that have occurred, and are now 
being had, pay chiefest attention these items. all waters were 
reasonably free from these properties, there would little discussion 
the method filtration used, except possibly for the 
removal color. 

Lawrence, Poughkeepsie and Albany the work carried 
municipal corporation, with all the political influences which tend 
add the cost work. Mount Vernon would expected that, 
the filter controlled private company, the work should 
more economically done, and, some extent, the figures bear this out. 

Taking into account these different factors, seen that the 
costs Lawrence, Poughkeepsie and Mount Vernon are greater than 
Albany, although might expected that the cost Albany would 
the greatest. Each the items handling sand Albany 
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than the others, and, the speaker’s opinion, this clear indica- Mr. Bailey. 


tion effect the covers felt throughout and upon all opera- 
tions. The cost greatest the plant single unit. 

decided benefit covering filters the maintenance the 
laborer’s organization. These paid only when they work, and 
they want fairly steady work they will seek other employment. 
pays the management retain experienced men, for, they become 
the work, they will nearly double the amount done 
inexperienced men. With covers the filters, the men scrape filter 
during any storm; therefore, rainy day means loss wages. They 
remove the scraped material, for the long run the barrow, and its 
filling, done under cover, and they not object slight wetting. 
winter they are shielded from winds and storms; the temperature 
inside the filter less than outside, and the men make full time, irre- 
spective weather, and without any special discomfort. 

These benefits covers are entirely without consideration any 
climatic thermal conditions regarding the efficiency filters. 
Such benefits have been often mentioned, that useless 
mention them here. 

There one cost filtering, plant having only one unit, 
which badly subdivided, which does not show the filter records, 
but appears only the pumping cost. Where the entire filter area 
size yield daily only the quantity water needed, and all 
one unit, the cost pumping increased every cleaning, the 
pumps are necessarily shut down and the fires banked put out. 
The pay the employees goes on, but work has been done for the 
money, and the only decrease cost the slight amount coal and 
oil saved not operating the pumps. With the filter areasubdivided, 
and only one unit out time, either the operating portion may 
forced yield the desired quantity water, else the only loss, 
addition the lessened quantity, will decreased duty the 
pumping engines. The loss efficiency the filter, due moder- 
ately increased rate flow, will not material, provided proper 
judgment and care is, and has been, used starting and operating the 
beds. 

Albany has been found mistake not entirely drain 
bed before cleaning. The water should completely off the sand 
surface, and, the slight depressions which always occur the sur- 
face, puddles should left. With dry surface, the cleaning 
done more quickly and more thoroughly. With awet bed, the men are 
apt slight the surface underneath the water, and the escape the 
water from the shovel lifted, carries portion mud and slime 
with it, which runs down into the sand, and the result bed which 
unclean spots and which will cause uneven rates filtration. 
bed scraped always makes short run between scrapings. 
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the plants named are defective, that they depend upon 
manual labor for all handling sand between scraping the bed and 
refilling it. There good reason why movable ejector hopper 
should not utilized, and, after the sand scraped into piles, 
should shoveled into this hopper, and thereafter not again touched 
the shovel barrow until taken away from the sand washer, 
deposited upon the bed. known that experiments are being 
made, and such arrangement will incorporated some the 
filters now contemplated being designed, and the effect will 
reduce materially the cost operating sand filters. 

Mr. Wachter. Esq.* (by letter).—In comparison with the 
quantities water filtered Lawrence between successive scrapings, 
thought that the following facts and the diagram (Fig. show- 
ing what has been done Albany under the conditions met there 
will interest. 


TABLE No. 30. 
3 5 sas 
$ 3 On ° 55 

(2) (3) (4) (5) (6) 
Sept. Sept. 60.7 0.140 
Oct. Nov. 84.2 none none 
Dec Jan. 88.0 105.8 0.600 
Jan. Jan. 17.5 47.4 0.320 
Feb. March 33.6 0.900 
Mar. April 22.5 56.3 0.280 
Apr May 81.5 0.400 
June 17.7 43.6 none none 
June July 29.3 81.9 none none 
July July 16.5 44.2 0.290 
July Aug. 80.2 85.5 none none 
Aug. Sept. 25.4 68.5 none none 
Sept. Oct 23.7 67.5 none none 
Oct. Nov 20.8 59.9 none none 
Nov. Dec 26.6 81.6 0.400 
Dec. Jan. 44.7 124.4 none none 
23.3 76.8 none none 
Feb. March 30.4 92.9 0.700 
Mar. April 27.0 66.4 0.600 
Apr. May 17.5 41.2 none none 


The water the Hudson the Albany plant comparatively 
clear for, probably, least the time. During the year 1900 
there were days when the turbidity was 0.100 and over (wire-method, 
reciprocal scale). Turbidity reaching this figure caused heavy 
rainfall over large portion the water-shed, and thaws and 


Chemist charge Albany Filter-Plant. 
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spring freshets. The suspended matters consist silt and, also, con- 
siderable clay times. 

Table No. shows the length service, quantity filtered per 
acre, and turbidity the raw water for Filter No. from the start, 
July 27th, 1899, until May 18th, 1901. 

That fair average, shown the following: The average 
length runs for all filters December 29th, 1900, was 25.8 days. 
The average quantity filtered per acre between scrapings was 000 000 
galls. For the filter tabulated the average length run was 25.9 days. 
The average quantity filtered per acre was 200 000 galls. The aver- 
age rate while operation was 750 000 galls. per acre per twenty- 
four hours. 

Runs Nos. and (see Fig. were during periods the 
highest turbidity quite long duration, and delivered above the 
average quantities between cleanings, while Runs Nos. and 22, fol- 
lowing periods high turbidity, are two the lowest quantities 
filtered. This would seem show that the yield runs succeeding 
periods high turbidity materially reduced, while the runs during 
periods high turbidity are not noticeably shortened. Observations 
the condition the beds such times show that the mud pene- 
trates the sand considerable quantities for distance about ins., 
and, not practicable remove this amount sand one 
scraping, evidently forms the nucleus for resistance, and the yield 
the succeeding run reduced. 

Run No. was probably reduced micro-organisms the raw 
water, the time the year was favorable. 

Run No. was not completed. was necessary scrape the 
filter refill sand into the bed clear the court yard before the 
advent winter. 

Run No. was directly after refilling, and this fact, with the ab- 
sence high turbidity and the favorable season the year, made 
this the largest yield from any filter. 


Esq.—Inasmuch certain criticisms have been 
made various times regard the excessive cost operating the 
Lawrence City filter, compared with the expense maintenance 
sand filters other places, has seemed fair that the conditions pro- 
ducing this result should given some detail. 

The speaker does not intend discuss general matters interest, 
but will simply confine his remarks statement some the con- 
ditions operation which have occurred Lawrence. Some 
these are entirely local, and are due the arrangement the filter 
plant, while others, such non-covering and climate, appear exer- 
cise greater influence here than most other places where filters 
are operation. 


Foreman charge Lawrence filter. 
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Disturbance Work Rain.—During the period that the speaker 
has been charge the filter, has found that the occurrence 
rain storms plays important part increasing the cost mainte- 
nance. Occasionally, when draining the filter during the night, 
order have ready for scraping the next day, rain storm has come 
and has effectually prevented all work, the yield filtered water 
meanwhile being entirely cut off and remaining until the weather 
had cleared and the filter had been scraped and again placed 
service. 

Moreover, has sometimes happened that while scraping the filter 
with large working force, heavy shower, possibly more ex- 
tended rainstorm, has suddenly blown before the piles scrapings 
had been wheeled out. This has caused abandonment the work, 
the laborers being retained under pay with the expectation 
immediate clearing the weather, which may may not quickly 
happen, causing increased cost scraping. Occasionally, the 
necessity securing water has compelled the men return work, 
notwithstanding the rain, this long continued. This latter condi- 
tion itself extravagant, inasmuch the sand, while wet, all 
ways much more difficult handle. will seen, therefore, that 
rainy weather during times scraping necessitates increased cost 
this operation. 

Necessity Removing Snow and Ice. extreme cold weather 
sets in, the whole area the water surface freezes, oftentimes depths 
8to12ins order scrape section the filter such 
time, the ice, together with any snow which may upon it, must 
first cut and removed, usually the day before draining. cold 
weather additional coating ice, sometimes in. more thick- 
ness, forms before the filter entirely drained, causing increased 
cost and delay scraping. 

Difficulty Caused Thin Ice Sand section has 
been made free from ice, and draining being carried on, thin ice 
layer forms upon the water surface during cold weather, and, lowering 
with the water, descends the sand surface and becomes frozen toit. 
Scraping thus rendered very difficult, and the amount material 
removed largely increased, account the ice and the necessity 
scraping deeper. Those who have had experience cleaning filters 
this sort can readily appreciate the trouble from these conditions, 
and the increase expense scraping caused thereby. 

Difficulty Caused Snow.—During the winter serious difficulty 
and conveying caused light falls snow. However 
light the snowfall, sand surface covered, the depth which 
scraping should carried cannot gauged accurately 

clear weather, and has been found that there invari- 
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ably tendency scrape too deeply with the shovel. This circum- 
stance very trying when every effort being made reduce the 
cost maintenance, but there seems method preventing it, 
inasmuch laborers require long experience this work enable 
them know what depth carry the shovel during the various 
conditions scraping. 

Difficulty Caused Freezing Sand Surface.—During the early and 
late portions the winter, even when the weather not cold enough 
freeze the water surface any extent, sometimes capable 
producing frost the filter sand after draining considerable 
depth. Even depth freezing not greater than in. causes 
increase the amount sand which necessary remove, and 
consequently increase the vost scraping. 


ARISING FROM THE LACK CONVENIENT STORAGE PLACE 
FOR ScRAPED SAND. 


Conveying sand from the filter always expensive operation, 
but especially winter, account the lack convenient 
place which store the scraped material after has been removed 
from the bed. 

The lower roadway bordering upon the north side the filter 
utilized temporary dumping ground, where sand remains over 
night until can removed during the following day days 
the permanent place assigned for dirty sand the neighborhood 
the washing machine. During cold weather this deposit sand 
becomes frozen, and extra labor required break and get 
into condition for removal the permanent dump. This double 
handling is, course, expensive, but seems necessary under 
present conditions, due the peculiar location the filter. With 
suitable conveying apparatus the cost this item maintenance 
could doubtless reduced very large measure. 


CONDITIONS DUE THE CONSTRUCTION THE FILTER ONE UNIT. 


the last annual report the Lawrence Water Board, for the 
year 1900, the speaker recommended that two transverse division walls 
placed the filter, making three filtering sections about equal 
area. this work done will greatly facilitate the operation 
the filter, and thereby lessen the cost maintenance. One section 
may cleaned time, while the other two may operated 
usual. With this construction, the comparatively small force men 
now required for the routine work maintenance would also 
cient for the performance scraping, which has been shown not 
now the case. Moreover, the permanent force laborers will indi- 
vidually become more skilful performing all the operations devolv- 
ing upon it. The importance this last feature can scarcely 
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over-estimated. the process scraping alone great saving can Collins. 


effected, green men usually from in. deeper than neces- 
sary the process scraping. will seen that the effect the 
increased quantity material thus removed increase, not only 
the cost scraping, but also conveying, washing and sanding. 

The speaker has thus briefly outlined some the leading obstacles 
which occur the operation open sand filters, constructed 
single unit, climate where the winters are variable and often severe. 
trusts that these suggestions may instrumental bringing out 
discussion similar problems confronting the practical operations 
other filtration works, and that they mayserve suggest opportunities 
for improvement designing other plants. 


addition the literature upon water purification, that brings 
together for ready reference the leading information from various re- 
ports and records relative the Lawrence filter, and especially 
that places record more comprehensive data concerning the 
operation the plant than have been readily available hitherto. 

This filter unique position among municipal works, and 
engages especial attention, not only from engineers, but from workers 
and students various sanitary lines. appreciate fully the posi- 
tion which the Lawrence filter occupies, necessary consider 
with some care the conditions which were associated with its installa- 
tion. Looking back nine years, and from the standpoint our present 
knowledge, might seem first sight that there was nothing remark- 
able about the installation plant for the purification munici- 
pal water supply amounting about 000 000 galls. daily. 

1892, when the construction this plant was begun, however, 
the entire subject water purification was state much less clearly 
crystallized than the present time. true that important studies 
had been made the application the germ theory disease 
problems epidemiology, and also the application bacteriology 
questions water purification. the Lawrence Experiment Sta- 
tion, furthermore, there had been operation for some months series 
experimental sand filters for the purification the Merrimac River 
water, from the studies which were discovered some the more 
important laws filtration under the conditions which there existed. 

spite all this, was period much uncertainty and 
many marked differences opinion. Comparatively little progress 
substantial nature had been made for some time the field 
water purification Europe, and the United States the subject had 
laid almost dormant for twenty years, far the installation mu- 
nicipal plants was concerned. The technical journals Europe had 
much say concerning the outbreak typhoid fever during the 
winter 1889 the eastern portion the City Berlin, where the 
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water consumers were supplied with filtered water from the old Stralau 
sand filters, which were operated the continuous method, Lon- 
don Royal Commission was engaged investigation the future 
supply for the Metropolitan District, and received testimony from 
prominent professional men the effect that the filtered Thames water 
should abandoned and replaced new supplies from mountain 
sources. the larger cities Europe vigorous discus- 
sions were occurring with regard the urgent need providing mu- 
nicipal supplies only from unpolluted mountain streams from 
ground-water. country few scattering mechanical filter plants 
had been installed; but the available evidence their hygienic 
efficiency was-not favorable. Sanitarians were disposed give fil- 
tration general less credit than really deserved, and engineers 
were sceptical its practicability many cases the ground 
its cost. 

the Merrimac Valley several the larger cities, including Law- 
rence itself, had for several years suffered severely from epidemics 
typhoid fever. will also recalled that late the summer 1892 
Asiatic cholera appeared New York Harbor. Under these expe- 
riences and conditions there was full recognition the part the 
Lawrence city government that cholera might become established tem- 
porarily the cities located above them the Merrimac Valley, and 
that, so, their must either purified cut off. They 
acted wisely and promptly placing the disposal the Water 
Board such sums money from their limited available means 
would enable carried out the recommendations the State 
Board Health, whose advice they had sought. 

said that frequently darkest just before the dawn, and 
subsequent developments show that such, measure, was the case 
the instance not only the Lawrence water supply, but the entire 
subject pure water and water purification throughout this coun- 
try. difficult estimate readily how great has been the benefit 
which this filter has produced outside the City Lawrence. 
has proved stimulus and example for many later developments 
this field, and has served basis reference for engineers and 
sanitarians, not only this country, but alsoin Europe. matter 
how many filters may built years come, which are larger 
capacity, more efficient more economical operation, very 
doubtful any will succeed displacing the Lawrence filter from 
the classical position which now securely holds marking the be- 
ginning new epoch, and fact the first epoch important prac- 
tical accomplishments, this country, water purification. 

The authors this paper commence their description the filter 
with the statement that was designed Mr. Hiram Mills, Chair- 
man the Committee Water Supply and Sewerage the State 
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Board Health Massachusetts. the thought the speaker, Mr. Fuller. 


this hardly tells the whole story. true that the State Board 
Health advised the city government with regard the adoption 
filter, and that its construction was commenced under the general di- 
rection the Board. Mr. Mills, however, addition his official 
connection with this project through the State Board Health, also 
served his individual capacity Consulting Engineer the Law- 
rence Water Board. Without compensation designed this filter, 
based large measure upon the studies made the Lawrence Ex- 
periment Station, and took the greatest interest the carrying out 
the project, even the extent loaning the city some his own 
assistants and foremen aid inthe work. discussing the Lawrence 
filter the speaker cannot refrain from calling attention the great 
debt gratitude which owed this most distinguished engineer 
and public-spirited citizen, the water consumers, not only the 
City Lawrence, but also the entire country. him, more 
than any one else, that credit due for installing and carrying 
judiciously planned and carefully studied investigations, which have 
paved the way for many recent improvements this branch public 
service. 

One the most characteristic features the design the Law- 
rence filter consists the fact that the entire filtering surface 
unbroken any division walls, such are provided practically 
every other municipal filter, order that portion the plant may 
thrown out operation for cleaning repairs, while the remain- 
ing portion continues service. This agreement was 
made possible the size the plant, and the fact that the filter 
was operated intermittently, method which that time Mr. 
Mills thought superior continuous filtration. 

order secure reasonably uniform rates filtration through 
recently-scraped portions the surface, compared with the 
remainder the filter, the sand and gravel layers were designed 
most ingenious manner, shown Fig. This arrangement 
the gravel layers, together with the use layer different 
sizes and varying thickness, according the distance from the 
collecting pipe, obviously restricts the flow water which would 
naturally pass through the area clean sand surface any one 
the sections that form the filter. was provided the design 


that the loss head this filter should not normally exceed about 
ft., and that portion the filtering surface should scraped 
each day, the area that portion being such that the entire surface 
would scraped about once Under these conditions the 
restrictions the exit passages forthe filtered water were designed 
such that would impossible secure rate filtration 
more than about 000 000 000 galls. per acre per hours 
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Mr. Fuller. through recently-scraped portion the filter surface. Further, 
only about one-twenty-fifth the surface would scraped 
time, under ordinary circumstances, originally provided for, 
the comparatively slight deterioration the water filtered this 
increased rate would very largely dilution with the filtered 
water coming under fairly normal conditions from the remaining 
portion the filter. Thus, the filter was serve its 
own controller, within certain limits, and offset itself the results 
differences the amount sediment deposited upon the surface. 
This feature mentioned because seems point which not 
very widely appreciated. 

generally known, the Lawrence filter, for various reasons, has 
not been regularly operated accordance with the original instruc- 
tions, and fact during the winter season almost impossible 
carry out exactly the normal plan procedure the absence 
cover. Notwithstanding this, the results the the 
filtered water are such show that general proposition Mr. 
Mills’ design successful one for the purpose for which was 
intended. Taking the matter specific terms, practically 
data have been published show how uniform the rate filtration 
over the different portions the filter which have been cleaned 
various times. About the only point which known, addition 
the general success the arrangement, refers the somewhat higher 
rates filtration which follow scraping that portion the filter 
which nearest the pumping station. 

How much the presence ground-water water 
filtered through the bottom from the river has been with reference 
the clogging the underdrains, due more less dissolved iron, 
unknown the speaker. Taken connection with the very complete 
draining which the filter receives from time time, would seem 
that water other than the filter effluent was associated with the com- 
plications which were mentioned the 1898 report the Lawrence 
Water Board, and which were referred the report the State 
Board Health for 1898, page 26. 

The use two grades sand water filter quite unusual, 
and is, course, accounted for part the method adopted for 
preventing excessively high rates filtration through recently-scraped 
portions the filtering surface. noted that the two kinds 
sand are specified Fig. according their effective size, the 
usual custom present, and not with regard the maximum rate”’ 
the sand, was the case the original drawings and the earlier 
reproductions. ‘‘maximum rate” meant the quantity water 
millions gallons per acre daily which sand, when clean, will 
allow flow through when the acting head equal the thickness 
the sand layer, and the temperature the water 50° Fahr. 
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Numerous observations* have been made showing that the friction Mr. Fuller. 


sand the flow water increases very materially the sand con- 
tinues service. fact, quite uncertain what coefficients for 
different conditions should used for converting effective size into 
maximum rate. Much assistance the future will secured more 
attention paid than present the maximum rate which sands 
given effective size offer the flow water filter they are 
continued service. 

Although the Lawrence filter still unprovided with cover, the 
advantages which would result from the operation this filter during 
winter weather should covered are apparent, both from the 
standpoint economy and uniformity the hygienic efficiency 
the filter, that there practically nothing said the discussion 
this point. 

With regard the method intermittent operation the Law- 
rence City filter, was considered the time was designed that, 
least during some portions the year, the amount atmospheric 
oxygen dissolved the Merrimac River water might prove inadequate 
facilitate desired degree the nitrification the organic matter 
contained the water and stored the filter, unless supplemented 
air admitted the filter draining the sand. Exhaustive studies 
later date showed that for this river water artificial aeration not 
needed, because, practically without exception, the effluents are found 
contain sufficient oxygen for nitrification processes. 

the investigations made elsewhere this country found 
that the organic matter contained river waters used for public 
supplies such character stability that nitrification now 
purification than wasten yearsago. Many river waters contain more 
organic matter than the Merrimac Lawrence, but very few contain 
much unstable nature such caused very recent sewage 
pollution, and which capable being readily acted upon the 
bacteria. Present evidence indicates that intermittent filters will never 
find extended use water purification, the ground that water 
contains much unstable organic matter that the oxygen which 
contains naturally, and also aeration before application the 
filter, inadequate for normal bacterial actions, then such water 
should not considered favorably for public supply. 

The intermittent method operation possesses two distinct disad- 
vantages. One refers the vertical channels produced the sand 
layer, due escaping air upon filling the filter after draining, and 
which has tendency lower the bacterial efficiency the plant. 
The other refers the air which remains entrained the sand layer, 


See the paper Mr. Clark, the 1894 Report the Mass. State Board 
Health, 706. 
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and which increases the friction offered the passage the water. 
This latter point affects the cost operation increasing the amount 
sand removed relieve clogging. also increases the cost 
reducing the capacity the plant below the normal (for continu- 
ous filters) after has been service for some years. 

the Lawrence City filter the effect air the pores the sand 
has shown itself less reducing the bacterial efficiency than has 
increasing the amount sand scraped from the surface. The 
influence the channels through which the water could pass without 
adequate purification very likely disguised other factors this 
large plant. certainly was well-defined the 16-ft. experimental 
filter the Experiment Station, will noted comparing the 
records Filters Nos. and the Reports the Massachusetts 
State Board Health. These two filters were put operation 
about the same time the city filter, and contain the same kind 
sand. No. was operated intermittently, and No. continuously. 
summary the leading results from the operation the city filter 
and these two experimental filters, receiving practically the same 
water, January Ist, 1900, shown Table No. 31. 


January, 1900. 


Inter- Inter- 
{ mittent. | mittent. uous. 
Million gallons water 26.8 31.6 
Average yield, million gallons per acre daily ..... 1,25 2.35 2.77 
Average number days between scrapings............. 
number scrapings per 12.6 13.8 12.6 
Average yield per period scrapings, million 

sand removed scrapings Cubic yards per acre..... 000 700 600 
Estimated average thickness sand removed scrap- 

Average volume sand ‘in per 

million gallons effluent........... 2.79 1.06 0.89 
Average color water.. 0.41 0.41 


0.199 0.086 
0.094 0.189 
Average number bacteria per cubic centimeter 


Excluding results first month operation. 
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From this summary seen that the intermittent filters did notsur- Mr. Fuller 
pass the continuous filter the removal organic matter color; 
while they gave asomewhat less satisfactory bacterial removal, although 
the differences all come within about one-half the numbers 
the applied river water. will further noted that the intermittent 
experimental filter gave distinctly smaller yield filtered water 
between scrapings than did the experimental continuous filter; and that 
the intermittent city filter gave much smaller yields than the experi- 
mental filters, thus increasing materially the volume sand 
removed per million gallons effluent. Although the sand removed 
from the small filters very likely less than would the case with 
any municipal filter operating this water, considerably excess 
the amounts removed some European filters operating upon very 
clear water. 

the paper statement made the estimated average 
amount suspended matter which the Merrimac River water con- 
tains, namely, parts per million. This figureis approximately cor- 
rect, but does not give adequate idea the capacity this river 
water clog sand filter, when compared with the turbidity west- 
ern and southern waters. the suspended organic matter, 
more less gelatinous nature, which acts important agent 
clogging the filters which the Merrimac River water applied. 
record properly the clogging powers water, method should 
devised which should include correct manner not only the tur- 
bidity due suspended silt and clay, but also that due organic 
matter. Obviously, small weight the latter, forming does 
gelatinous film and near the sand surface, does much clogging 
much larger weight mineral matter which produces more 
granular appearance upon the sand surface. 

The clogging the Lawrence City filter appears caused, 
large degree, the air entrained the sand. made plain 
Table No. 32, which the leading data operation the Lawrence 
filter, given the paper, are compared with the data from the 
Mount Vernon filters, given Engineering News, May 30th, 1901. 
matter general interest, the data from the Albany filter, 
given Mr. Bailey Engineering News, August 1900, are 
also included not intended that these Albany 
data should regarded representative that plant, doubtless 
Mr. Bailey will soon publish the detailed evidence date. While 
number instances these results are only approximations, 
believed that they are sufficiently correct for present purposes, and that 
the averages are free from serious error. both the Lawrence and 
Mount Vernon filters the costs are exclusive charges due removal 
oficeand snow. Fixed capital charges and the cost analytical super- 
vision are not included the case any the plants. 


wa 
a 
7 
q 
4 
) 
9.5 


Mr. Fuller. 


630 DISCUSSION LAWRENCE, MASS., FILTER. 


regard the relative costs scraping the filters and 
wheeling out the dirty sand, this information not available for the 
Mt. Vernon filters. the Lawrence filter recalled that 
wheeling out the sand involves two handlings the material, 
being first wheeled temporary dump the side the filter. 


TABLE No. APPROXIMATE AVERAGE RESULTS AND 
Costs OPERATION WATER FILTERS. 


Period included averages. 1896-1900 1897-1900 1899-1900 
Yield million gallons per acre, 1.3 2.6 
Total number complete scrapings.. 9.6 
Number days between scrapings...... 
Number scrapings per year................ 15. 
Million gallons effluent per acre between 

Cost scraping per acre........ $25.80 $17.50 
Cost wheeling out per 69.00 35.20 

Sum scraping and wheeling out.. .... 52.70 

Thickness sand layer removed per 

Cubic yards sand removed per acre per 

Cubic yards sand removed per million gal- 


Cost per cubic yard for scraping and 


Ditto for replacing 0.28 0.36 

Sum cost per cubic yard 
Ditto per million 5.36 1.98 

Miscellaneous and general expenses per mil- 

Total cost operation per million gallons 


studying these data seen that the cost per cubic yard 
sand, for scraping, wheeling out, washing and replacing the Law- 
rence filter only about 10% excess what migbt called 
normal charge, notwithstanding that the total cost operation, exclu- 
sive ice, more than double the sum found European experience 
with American rates wages, and found several places this 
country. The chief difference found the large volume sand 
removed per million gallons effluent; and seems logical con- 
clusion that this feature, due evidently large measure clogging 
caused entrained air, the principal explanation the high cost 
operation the Lawrence filter. 

Although the cost filtration Lawrence above the normal 
for this type water, this question becomes matter relative 
insignificance when consider the great work which the filter has 
accomplished reducing typhoid fever this city. During the past 
five years, excepting few weeks following the special repairs the 
underdrains, the death rate from this disease has been less than 
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per 100 000 inhabitants, rate which for American cities about Mr. Fuller. 


low can expected cases where public water supplies are 
drawn from unpolluted sources. This record the greatest testimonial 
which can paid splendid results accomplished the Lawrence 
City filter. 

their discussion the typhoid statistics Lawrence, the au- 
thors neglect call especial attention the low death rate which the 
city now enjoys, and confine their comments the percentages 
reduction typhoid fever based the records before and after the 
installation the These comparisons are interest, but they 
have their limitations, typhoid data seem move more less 
cycles uncertain lengths. While authors are correct that had 
the filter not been erected Lawrence the typhoid rate would possibly 
have been less during the past seven years than during the preceding 
period that length, the reason not found study the 
general records the State Massachusetts, but those the Mer- 
rimac Valley above Lawrence. Notwithstanding the fact that the 
general pollution this river steadily increasing year year, 
true that there has been reduction typhoid fever those cities 
above Lawrence which sewer into this river its tributaries. The 
reason for this almost solely due the marked reduction typhoid 
fever Lowell, following the introduction ground-water supply. 
fact, the remaining cities the upper Merrimac Valley, far 
the speaker has been able ascertain, the rate increase popula- 
tion has, average, more than offset such decreases have occurred 
the typhoid fever death rates. 

Referring the relationship which the filter has brought about 
between the removal bacteria from the Merrimac River water and 
the removal typhoid fever, will noted that, round numbers, 
this filter, average, has effected removal about the 
bacteria the applied water. this connection the speaker desires 
call attention the fact that 1891, when the typhoid fever rate 
Lawrence was highest, there was removal from 95% 
the river water bacteria the water passed through the distributing 
reservoir and piping system water-works. the early winter 
1898-99, following the repairs the underdrains, and when mild 
epidemic typhoid fever appeared, the filter, average, effected 
removal about 93% the river water bacteria. those 
who are inclined the opinion that the case sewage-polluted 
waters matter indifference whether not filter care- 


fully operated, the records from Lawrence will furnish much food for 
reflection. 


Assoc. Am. Soc. paper accorded mr. Soper. 


warm welcome the mind the speaker, for two principal reasons. 
First, valued for its intrinsic merit; full carefully collected 
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facts, and these are set forth way which gives ample assurance 
that the authors desired collate their information intelligent. 
and impartial manner. The paper also peculiarly acceptable the 
speaker for the opportunity affords him make few inquiries 
under circumstances which seem insure their full answer. 

Seeming Inconsistency Between the Filter and its Results.—A few years 
ago, when the speaker was engineer for one mechanical filter 
companies, was considered part his business answer some 
these inquiries regarding the Lawrence filter. The question usually 
originated with laymen, who, delegates municipalities, repre- 
sentatives water companies, were investigating the relative 
slow and rapid filters, and who had passed through the hands 
those who knew how say good word for slow filtration. They had 
heard great deal about the results Lawrence, and werea 
little confused how those results were obtained. 
principal interrogatory, therefore, is, what are the conditions upon 
which the efficiency the Lawrence filter especially depends? 

Basing knowledge filtration upon principles and precepts 
founded very largely upon the classic experiments made Lawrence 
for the Massachusetts State Board Health, has sometimes been 
considered that construction and operation the Lawrence filter 
not one from which superior results could expected. The facts 
first laid down necessary its success, seem have been disre- 
garded actual practice. Thus, for example, was stated the 
engineer the works that one the essential qualities the design 
requires that the inlet water shall shut off once day, and the 
pump kept running until the sand uncovered and the water within 
the sand drawn out, that the sand can fill with air from top 
bottom. This was condition made necessary the principle 
intermittent filtration. Again, was intended clean portion 
the bed every day, and this portion, when cleaned, was said 
incapable conveying quantity water that could not 
properly purified its passage, unless there were extreme drawing 
down the head, which would require close watching the pumps. 

recent years has been customary operate the Lawrence filter 
manner which has been described the authors not inter- 
mittent, but practically continuous, and they state that has made 
very little difference the results. 

learned from the paper that there has been great deal 
drawing down the head, and seems there has not always been 
very close watching the pumps. Yet chemical and bacterial evidence 
not wanting show that the quality the effluent not seriously 
affected these seeming departures from original principles. The 
peculiar features the plant are not restricted the named. 
the Lawrence works have filter operating 000 000 galls. 
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per acre per day, instead the 000 000 000 000 galls. generally Mr. Soper. 


accepted the proper limit. have filter which stopped and 
started every day instead one which run rate for 
periods generally exceeding month. The sand never equally clean 
dirty over the whole area; from which would seem that, different 
parts the bed being more less clogged, and offering unequal 
degrees resistance the flow water, different rates filtration 
and not uniform rate would necessarily obtained through the bed. 
period rest given the clean filter for the formation coat 
schmutzdecke, nor the first new effluent thrown away likely 
After cleaning the bed, raw water poured down the 
filter until the sand flooded; filtered water not backed under 
it. Then, the sand not uniform depth; the differences depth 
are intended made differences the size the grains 
sand, that uniformity filtration further depends nicety 
adjusting the filtering material. These are all unusual features for 
slow filter, and the peculiar success which seems have attended the 
plant consequently calls for few words explanation. 

How are the excellent results accounted for? Apparently, either 
the basis that, the past, the laws filtration have been observed 
more narrowly than necessary, that the Lawrence plant has elements 
advantage which are not ordinarily taken into account. The speaker 
aware that recent facts from the Lawrence Experiment Station throw 
light some the points referred to, and his experience with water 
filters assists reconciling others, but would interesting hear 
from some the gentlemen who have been connected with the Law- 
rence works, how, general terms, they regard the apparent 
inconsistencies pointed out between the filter and its 

Indications Ground- Water the the question 
how the principles elsewhere understood control efficiency 
slow filtration have bearing upon the operation the Lawrence plant, 
the speaker desires call attention feature which has not been 
touched upon the authors, but which may have some influence 
bringing about the excellent results attributed the filter. 
desired ask how far the accidental inflow ground-water, in- 
filtration river water the bottom the filter, may affect the 
results. the filter excavation 750 ft., with width 
140 ft., and lies within initial distance ft. from the river. 
The bottom the filter bed understood unpaved, and open 
the inflow such water may present from ft. below the 
level low water the river. The paper does not state the character 
the excavated material, but stated that the old filter gallery 
which runs along the filter the land side, was built stratum 
coarse gravel. gallery was 300 long and was located 200 ft. 
from the river. was tested September, 1877, and found 
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able collect 275 000 galls. water per day. When the filter was 
built the infiltration gallery was incorporated with it, and now 
used conduit carry the filter effluent the pumps. The 
length the infiltration conduit has been extended total length 
710 ft. direction previously regarded one likely develop 
considerable amount ground-water. 

The question occurs here: How much the Lawrence water 

filtered, and how much ground-water? The results chemical 
analyses applied Merrimac River water and effluent from the Law- 
rence filter for the years 1893 1899 have bearing upon this point. 
The data are given the authors Table No. 17. Examining the 
determinations those dissolved matters which, under ordinary cir- 
cumstances, are little all affected filtration, found that 
the river water purer than the effluent. The figures which repre- 
sent chlorine and hardness are remarkable; the average increase 
these matters being and respectively. The total solids are 
increased 33.6 per cent. If, from the data for total solids, sub- 
tracted the average weight suspended matter found Merrimac 
water, the increase the amount dissolved solids which appear 
result from filtration 78.8 per cent. Even liberal allowance 
made for the conversion organic matter into mineral matter, which 
generally takes place well-operated filters, there still heavy 
increase solids accounted for. Itis possible that the sand 
parts with some its mineral matter the water which passes 
through it, but many considerations render unlikely that great 
increase dissolved matters, and especially chlorine, could come 
from this source. The conclusion seems irresistible that consider- 
able quantity ground-water finds its way into the drainage system 
the filter plant. 

The application the point obvious. means, unless ex- 
plained, that the filter credited with filtering greater rate and 
with, perhaps, higher bacterial efficiency than actually the case. 
The presence uncertain, though possibly small amount 
ground-water, infiltrated river water, would affect the accuracy 
the reports the filter’s action such way that those who have 
the interests the case most heart must have carefully collected 
information along this line. so, the speaker would like have 
some it. 

The Reduction Bacteria.—The results bacteriological analyses 
the water pumped Lawrence, indicate that comparatively few 
bacteria pass through the filter bed. The proportion removed 
given for the last year. noticed that there has been 
steady decrease the number bacteria found the effluent since 
the filter was built. From average 150 per cubic centimeter 
the 1894, after the filter had been put good running 
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centimeter for the year 1899. During the same time the raw 
water appears have improved quality also. the six years 
mentioned, the number bacteria the Merrimac River water 
Lawrence has fallen from average per cubic 
centimeter. would interesting know how these decreases are 
accounted for, and whether they are all ascribed improved 
methods bacteriological technique, represent solely improve- 
ment the quality the water. The question has bearing upon the 
actual number bacteria present the water pumped from the 
significance the average case that filter shall remove 99% the 
bacteria, than that shall leave only fewer organisms the 
cubic centimeter. 

Reduction the Typhoid Fever Death word the subject 
typhoid fever, which the ultimate and most crucial phase the 
question before us: The Lawrence filter was constructed 1893 
protect the people Lawrence against typhoid fever, which was con- 
sidered communicated them largely through the medium 
the public water supply. The death rate from typhoid fever Law- 
rence for the six years prior the construction the plant averaged 
per 000 the population. the six years following construc- 
tion, the death rate from typhoid per was 2.6. The difference 
per cent. 

The authors very properly point out that this percentage reduc- 
tion not ascribed solely the operation the filter plant. 
Other factors combined reduce the mortality. Lest there should 
some misconception, the authors have indicated the nature some 
these influences. Thus, they state that one favorable factor lay 
improved sanitary conditions, while another was better methods 
medical treatment. the speaker’s mind, very important factor 
lay the educational effect produced the great amount atten- 
tion which was called the danger drinking impure water about 
this time. Letters were sent the Massachusetts Board Health 
the Mayor the city, notices were posted the mills and public 
places, and there general campaign against the disease which 
had for some time been epidemic various cities along the Merrimac 
River. evidence the popular response the warning against 
polluted water said that large quantities bottled water were 
sold, and that many people boiled the city water before drinking it- 

Just how efficacious this educational factor may properly consid- 
ered have been, impossible say, but its effect all proba- 


was very considerable. 


has been frequently stated that fluctuations the number 
deaths from typhoid fever Lawrence followed similar changes 


order, the number bacteria has down average per Mr. Soper. 
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Lowell before the Lawrence City filter was built. relation cause 
and effect seems have been firmly established this matter those 
who have carefully investigated the facts. Has this relation con- 
tinued the Data relating monthly variations the 
typhoid fever death rates for the two cities are not present acces- 
sible, but the available statistics for the period from 1893 1899 
are examined, plotting the number deaths from typhoid fever 
each year together with the similar data from Lawrence will show 
general correspondence the curves. there was very 
notable decrease each case about the time the Lawrence filter was 
built. From deaths Lowell 1893, there was sharp decline 
highly favorable reduction the death rate Lawrence which 
has apparently been overlooked. Using the last two factors referred 
conditions which contributed reduction the typhoid fever 
death rate Lawrence, can hardly denied that the number 
typhoid fever would have been greatly decreased the filter. 

This leads the question: What actual saving life has resulted 
from the construction the filtration plant? The authors consider, 
after deducting the effect various influences and tendencies, that 
the filter has resulted the prevention the death out every 
100 persons who would otherwise have died typhoid fever Law- 
rence. That say, city 520 inhabitants, the lives 
persons were saved from death last year. not the writer’s inten- 
tion ask that the figure given this estimate qualified re- 
duced. The question not one that susceptible proof, but rests 
properly matter opinion. The saving mentioned, half this 
saving, would amply justify the installation filter, but de- 
sired ask the gentlemen who have made study the Lawrence 
plant, how, the face many seeming imperfections construc- 
tion and operation, such good results can accounted for? 

There little doubt that these inquiries cover ground which 
familiar those who are intimately acquainted with the details 
and operation the plant under discussion, and that 
they are prepared give full and complete answers all questions 
which may asked. hoped that they will regard the present 
inquiries worthy consideration, and that they will give the pro- 
fession the benefit the light which they, better than any others, are 
able throw upon these topics. 

paper, upon the operation the Lawrence filter, most interesting 
and complete, yet there one subject which the authors have not 
alluded, namely, the microscopic organisms and their growth upon 
the sand and the filtered water when stored the reservoir. The 
probable reason for the omission that, unlike the experience many 
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cities with open filters, Lawrence has had trouble from these Mr. Whipple. 
organisms. 
rule, river waters not contain large numbers pro- 
tozoa, and the Merrimac River, Lawrence, exception 
this rule. The records the Massachusetts State Board Health 
show that, with the exception Synedra and Protococcus, organism 
has ever been present numbers greater than 500 per cubic centi- 
meter. Table No. 33, compiled from these records, gives the number 
organisms during each month from February, 1890, December, 1896, 
together with list the genera which have been observed num- 


bers greater than per cubic centimeter, and the number occasions 
which this figure was exceeded. 


TABLE No. ORGANISMS THE WATER 
THE River, Mass. 


4 | 
1890. 1891. 1894. 1895. 1896. 
f 8 101 153 93 i 126 434 145 
; - 45 119 247 289 461 1 690 225 
310 320 160 346 165 163 356 
1138 678 | 2 175 | 469 142 
vel 43 58 88 | 83 85 12 
Number times which the organ- 
List prominent organisms. isms exceeded per cubic centi- 
- meter. 
4 


Not only are there comparatively few organisms the applied 
water, but few organisms seem grow upon the sand the water 
above the sand. With the filter operated intermittently, heavy growths 
upon the sand would not expected, the drying the 
sand surface would not favorable them. Recently, however, the 
filter has been operated continuously, thus giving opportunity for such 
growths occur, but, even now, the schmutzdecke contains compara- 
tively few organisms. During the year 1900, through the kindness 
Salisbury and Mr. Collins, the writer had the oppor- 
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tunity examining samples scum from the Lawrence filter 
frequent intervals. samples were noted for their paucity 
microscopic organisms. The largest number was found June 29th, 
1900, after the bed had been use days. that date there were 
200 000 organisms per square centimeter sand surface. The smallest 
number was 000 per square centimeter, May 8th, after the bed 
had been use days. These figures practically represent the 
organisms strained from the water, rather than growth the sand, 
and are low that they are far from being the controlling factor 
determining when bed must scraped. probable that they 
affect, but little, the scraping. order give idea the 
number organisms that may found upon the surface filter, 
Table No. has been prepared from the examination 
made during the year 1900. 


TABLE No. ORGANISMS, EXPRESSED STANDARD UNITS 
PER SQUARE CENTIMETER, UPON THE SURFACE CERTAIN FILTERS. 


KEEPSIE. 


LAWRENCE 


FILTER. No. 


Date Examination. April, 1900. May 1900. April 10, 1900. 


Surirella... 
Coscinodiscus 
Ceratoneis.. 

Closterium..... 


Schizomycetes— 
Protozoa— 
Vorticella........ 
Anthophysa.......... 
Rotifera— 


Cheetonotus.... 


Total organisms.... 


Other organisms— 
000 320 000 320 000 147 000 
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times the numbers rise and even per Mr. Whipple. 


square centimeter. Even covered filters, Albany, Y., 
and West Superior, Wis., numbers more than are some- 
times obtained. West Superior forms the bulk the 
growth. 

Apparently, there has been trouble from growths microscopic 
organisms the filtered water when stored the distributing reser- 
voir. This 694 ft. long, 375 ft. wide and ft. deep, and 
has capacity 000 000 galls., about Yet, 
with this comparatively long storage, the numbers organisms the 
reservoir water have been singularly low. Table No. 35, compiled 
from the published reports the Massachusetts State Board 
Health, shows that extensive growths have occurred. 


TABLE No. Microscopic ORGANISMS THE WATER 
THE DISTRIBUTING RESERVOTR LAWRENCE. 


| 
202 196 135 214 136 156 
October 143 464 120 


Number which the organ- 
isms exceeded per cubic centi- 
meter. 


List prominent organisms. 


Crenothrix 
Protococcus 


results have been published since 1896, and that fact may 
taken indication that trouble has been caused odor-pro- 
ducing organisms. Since the installation the filter there has been 
improvement the odor the water the distributing reservoir. 
The and odors have, large extent, 
disappeared, and, the present time, the water often has odor. 

should observed, however, since the installation the filter 
1893, the organisms have shown slight tendency increase 
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(this especially true the case Crenothrix), and, even the 
figures are still too low practical importance, hoped 
that the interests science, the State Board Health will con- 
tinue make these observations. 

reference the bacteria the filtered water, the authors men- 
tion the fact that the numbers the distributing reservoir are often 
higher than those the after passing through the filter, 
the service taps the city. They suggest reason that the 
increase may due bacteria entering the open reservoir from the 
air, the development bacteria the water. the writer’s 
opinion, these causes not account for the large numbers often 
noticed, and inclined the belief that the oftentimes exces- 
sively high numbers may attributed local contamination the 
reservoir samples. The reports the State Board Health state 
that these samples are collected from tap the effluent gate- 
house. may easily happen that, with pipe used little 
this one undoubtedly is, abnormal results may obtained. 
this the case, the bacterial results the reservoir water are little 
value, and the authors are justified omitting the results from their 
table. 

The general decréase the number bacteria the pipes the 
distributing system, and the occasional increase dyring the summer 
correspond with what has been observed elsewhere. Apparently, this 
summer increase due the growth and decay organisms the 
pipes. 

Am. Soc. (by letter).—Every few years 
the world takes new fad: sometimes useful; sometimes foolish. 
Some push the extreme, but, time, the good becomes 
accepted and reaches its true position life’s economy. 

sanitary science the ruling fad the present filtration, and 
possesses much inherent merit almost justify the furor; 
still not need run wild over consider the universal 
panacea tendency to-day. 

The past two decades have indeed marked wonderful advancement 
the subject. the beginning that period, with few excep- 
tions, filtration meant only straining out suspended matters; 
nothing was thought any organic purification. 

Many were the filter tanks and hollow porous walls filled with sand, 
gravel charcoal, used strain out the vegetable growths and silt; 
becoming themselves, because usually very improperly cared for, 
the breeding places for organisms more harmful than all the matters 
removed. 

Occasionally, however, some systems did approximate the more 
accepted forms the present; the Poughkeepsie plant, designed Mr. 
Kirkwood, being noteworthy; though its bacterial action was not con- 
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sidered all factor, until probably after the Lawrence plant was Mr. Tribus. 
inaugurated. 

The chemist and the biologist have contributed great deal in- 
formation Nature’s method action, and the public large has 
even adopted and uses glibly, the terms life,” 
the whole subject. 

Many systems treatment have been taken up, especially abroad, 
but they all gradually crystallize into the two, sand and 
sand with chemical assistance; while results and efficiencies 
have been claimed times scarcely within the realm reason. 

Still, great actual progress has been niade, and greater intelligence 
being daily brought bear the application the principles con- 
cerned. 

Percentages are dangerous forms comparison, yet there seems 
better method times. speaking the removal bacteria 
may often very misleading. instance: would seem 
high figure, yet removal from water carrying 000 bacteria per 
cubic centimeter gives better result than 95% from water carrying 
000 per cubic centimeter, each case per cubic centimeter re- 
maining the effluent. 

The writer has better method propose, but simply calls 
attention the danger blindly specifying percentages, fre- 
quently done. Each case needs to-be treated according its own 
special local conditions and not any general rule, which very 
often particularly inapplicable. 

The secret success any filter not its percentage bac- 
terial removal, but through careful operation, not alone careful 
design, the removal all dangerous germs; this removal does not 
mean elimination all bacteria, for many are entirely harmless 
the human system, but the intelligent propagation those which 
are harmless that shall aid the destruction those which are 
harmful. 

certainly not taking too advanced stand say that every 
water that requires filtration free from polluting matters should 
filtered under the constant care and daily examination one trained 
biological research well common sense. 

the discussion this paper the decreased death list from typhoid 
clearly shown, both Lawrence and elsewhere, consequent 
such installations, but, demonstrate the point, need not give all 
the credit the engineer and the biologist. 

When the fact became thoroughly demonstrated that typhoid was 
filth-germ disease, cities began cleanse the districts from which 
was likely emanate, and lessened materially the numbers cases. 
Then far better comprehension the disease itself brought more 
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efficient treatment physicians, thus cutting down the proportion 
deaths cases. 

The same causes that induce community seek purer water 
supply, needed, are the ones that are effective from the sanitary 
and medical standpoints well. The result attained 
applauded, and filtration justly entitled goodly share the 
credit the places where has been established. 

The financial value the factor saving because im- 


municipal conditions, not often appreciated. 


Taking Lawrence the average total deaths from typhoid for six 
years before and six years after the construction the filter plant, 
given the paper, and per year, respectively; cutting down 
the average one-third, represent better medical and sanitary 
conditions, say 35, compared with the 14, shows saving 
lives per year least, creditable filtration the supply; allowing 
$150 per year, low estimate net gain the community for each 
inhabitant; multiplying the equals 150, the net saving the 
first year. twenty years, reasonable period for productive 
human life, the aggregate net earnings the persons saved each 
year, would, without any interest being added, equal $660 000, 
average $33 000 per year that could spent for interest, sinking 
fund and maintenance the filter plant, without exceeding the real 
value the service the community; against say $15 000 
$16 000 for the same items actually spent Lawrence. 

The 420 persons saved from death would also make interesting 
exhibit. 

Did city officials, the people whole, more generally under- 
stand and realize these facts, sanitation and purification would 
receive much more attention than has been, even now being 
given the case. 

While endorsing, without any qualification, filtration water 
supplies, whenever polluted, would seem that there can ques- 
tion that, source supply free from contaminating influences can 
secured, such source preferred comparison even with 
the best methods artificial purification possible; conditions con- 
structive and operative costs, permanence and accessibility for inspec- 
tion being equal. 

Bearing that statement, 1895 the State Board Health 
Massachusetts, reporting new supply for the Metropolitan Dis- 
trict, after estimating that filtered supply from the Merrimac River 
could secured for less money (including operations, capitalized), 
than any other source considered, stated, that though had been 
shown the works Lawrence (built from Mr. Mills’ plans and de- 
scribed the paper under discussion), that waters polluted 
those the Merrimac can effectually filtered and rendered safe for 
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domestic use,” yet its conclusion was that ‘‘in the opinion the Mr. Tribus. 

Board will better pay 10% more for supply from source 

that has not been polluted.” Such source was supposed have 

been found. 
not always possible for our cities secure such uncontami- 

nated supplies, even those having large capital, and therefore 

ability great distances. Hence, the tremendous importance 

filtration and its possibilities, and the great value such conscientious 

investigation and pioneer construction, described this paper. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


RAILROAD DISCRIMINATION AGAINST NEW 
YORK, AND THE REMEDY. 


Discussion.* 


GREEN, GEORGE WISNER and 


Vice-President, Am. Soc. E.—This paper does not 
treat the subject railroad differentials engineering question. 
examination into railroad rates grain for export, affect- 
ing the commercial interests New York City against other North 
ports, and only capable discussion from this point 
view. 

The author enters upon his argument with reference the New 
York-Chicago rate the basis for sliding scale which may 
referred rates the trunk lines between all points certain ter- 
ritory and North Atlantic ports. Rates from the same territory 
South Atlantic and Gulf ports are also virtually referred the 
same basis, and rates from contiguous territory are indirectly gov- 
erned Therefore, upon the rates from Chicago New York, 
upon Western products, are based the rates upon the same commodi- 
ties from the entire Mississippi Valley tide water. Every fluctua- 
tion these rates that enormous volume traffic, and great 
interests, involving producers, merchants and intervening means 


*This discussion (of the paper Abel Blackmar, Esq., printed Proceedings 
for April, 1901) printed Proceedings order that the views expressed may 
brought before all members the Society for further discussion. 

Communications this subject received prior September 28th, 1901, will 


printed later number Proceedings, and subsequently the whole discussion will 
published Transactions, 
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distribution and transportation, are the mercy secret differentials Mr. Haines. 
the rail rates from Chicago New York. that, discussing 

railroad differentials, this aspect the question should not 
obscured. 

far this sliding scale affects export traffic, becomes 
element making joint rail and ocean rates through each port 
partaking the traffic. Therefore, with the rail rates established 
any defined basis, the fluctuation such joint rates restricted 
the ocean rates. Here, free play given the efficient operation 
the advantages which each competing port may have offer. 
The purpose the sliding scale briefly and correctly set forth 
Commissioner Fink’s report December Ist, 1881, viz., equalize 
the aggregate cost rail and ocean transportation. Taking broad 
view the subject, covering the welfare all the interests involved, 
railroads, ports and steamships, this purpose conduct the export 
traffic under conditions which all the parties interested shall 
equally well informed. not just, therefore, the parties 
the agreement say that its purpose, set forth Commissioner 
Fink, fell short the truth. 

The author’s strictures upon are two: That the agreed differen- 
tials have always been much greater than the ruling differences 
ocean freights; and that they have given other ports advantages which 
them compete successfully with New York and divert 
considerable amount traffic properly tributary thereto. 

His first point, that the agreed differentials have always been much 
greater than the ruling difference ocean freights, question 
fact. That fixed rail differentials should sometimes vary from the 
difference ocean rates respectively prevailing the ports unavoid- 
able, but not presumed that the lines terminating New 
York would have consented that they should always have been greatly 
adverse the port which they were interested. The burden con- 
sequently upon the author prove that such inequitable difference 
has always existed. 

His next assertion, that the differentials have given other ports 
advantages which have enabled them compete successfully with 
New York, does not cloud the purpose the differentials suc- 
cessful competition meant equitable competition. The purpose 
only becomes inequitable the Port New York when tends 
divert from that port undue amount the traffic subject com- 
petition. This the author assumes have been the concealed purpose 
the differential agreement, and proceeds establish his thesis 
stating the disadvantages which export traffic through the Port 
New York has thereby suffered. criticizes the provision that 
the cost transfer from car ship, including free storage, shall 
equalized between the terminal ports. general propo- 
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Mr. Haines. sition this accords with the purpose the agreement, which was, 


fundamentally, limit the variations the joint rail and ocean 
rate that element which was controlled ocean carriers, free 
load any port where business offered. But the writer asserts that 
this provision was devised meet water competition. the provis- 
ion were equitable, applied ports which inland water com- 
petition existed, why should become inequitable because included 
port which such competition did exist? 

Here narrows the discussion the competition the rail lines 
terminating New York with the lake and canal service, local com- 
petition which could not militate against New Hesays 
that the canal-boats had the best the railroads making deliveries, 
and that the latter endeavored put themselves upon equality 
with the former providing free lighter delivery. How was this 
injurious the Port New York? But they also secured equal 
elevator charge for grain, whether rail canal. also the 
author objects, although refers both system excessive 
transfer and terminal charges which was practical addition the 
rate rail-carried grain. now assumes that what properly 
calls self-adjusting system rates created practical consolida- 
tion all the trunk lines participating the grain trade moving 
the Atlantic seaboard. meant imply, the expression 
consolidation,” indifference the part the railroad 
managements the route which export grain should reach the 
seaboard, his subsequent argument demolishes the assumption. For 
proceeds unfold another opinion the purpose the dif- 
ferential agreement, viz., that was intended preserve the rail- 
roads having their termini New York, their fair percentage the 
traffic, and the same time divert the roads tributary Boston, 
Philadelphia, Baltimore, and afterward Norfolk and Newport News, 
such amount freight would satisfy their claims. 

The twist this statement the use the word ‘‘divert.” The 
agreement was really intended prevent the diversion from New York 
the other ports, secret differentials, very large part the 
export grain trade which New York had hitherto enjoyed, but which 
that port longer controlled. The world had moved since the con- 
struction the Erie Canal. New York was longer the only port 
which the products the great West could reach European 
buyers. The grain-growing area had spread far away from the Great 
Lakes, and much was nearer tide water the Delaware and 
Chesapeake Bays, and even the Gulf Mexico, than New York 
Harbor. was this changed condition affairs which forced the rail 
lines terminating New York accede the agreement, 
and every step that they took limit their own freedom action was 
taken preserve and protect the commerce New York City. The 
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lake and canal rates formed undoubtedly the basis which the dif- Mr. 
ferentials were adjusted. those rates were lower than the recog- 

nized cost the same service rail, how could the rail lines com- 

pete for the traffic, except offering advantages which the lake and 

canal route did not offer connection with lower rate? ele- 

vator and transfer facilities New York Harbor, they were avail- 

able for shipments canal rail. There was nothing prevent 
canal-boat owners from owning elevators 

How, then, was the lake and canal traffic limited destroyed? 
The author now says, high local rates Lake ports and low 
through rates the seaboard, that, 1874, from points origin 
the corn and wheat belt, the rail rate New York was cents, while 
Chicago, from the same point, the rate was from 2.1 2.3 cents per 
ton-mile. Comparisons based statistics twenty-seven years old, how- 
ever valuable the historian, have direct bearing this discus- 
sion. Yet, what has been the effect the differential agreement, even 
where the conditions favored the rail lines, that is, from Chicago? 

The writer gives the proportionate tonnage from Chicago the 
rail lines follows: 

Flour traffic, 1881, 94%; 1882, 1886, 629%; 1889, per cent. 
Since that year material change. 

Wheat traffic, 1874, 1878, 449%; 1879, 1897, per cent. 

Oats traffic, 1885, 80%; 1897, per cent. 

From these statistics appears that from Chicago, the point most 
favorable the rail lines, and, notwithstanding the differential agree- 
ment, their proportion the flour traffic has decreased nearly one-half; 
they have been unable retain the proportion the grain trade that 
they carried 1874, and they now carry one-half instead four-fifths 
the oats, and, the flouring industries northern towns have 
developed and the wheat product Minnesota and the Dakotas has 
increased, has the Lake transportation wheat and flour increased. 
The Lake traffic has increased from 19000000 tons 1885 
000 000 tons 1896. The differential agreement, then, has not had 
the effect diminishing the traffic the Great Lakes. 

But the author says that the point competition has been shifted 
from Chicago Buffalo; that there has been enormous increase 
traffic destined for points east Buffalo, and, course, largely for 
New York, and that the competition between rail and canal Buffalo 
mainly for New York traffic. This traffic was not subject the dif- 
ferential agreement which says was intended divert traffic from 
western territory properly tributary New York. now refers 
another agreement made 1895 1896 relating grain traffic from 
Lake ports the seaboard which established differential cent 
per bushel favor shipments from Erie Fairport Philadelphia 
Baltimore, against the traffic from Buffalo New York rail. 
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Discarding the discussion the differentials covering traflic from 
western territory reduces the issue the differentials upon grain 
from Buffalo, Erie and Fairport. These considers open the 
same objection: That they are intended strengthen the rail lines 
their competition with the canal divert trade properly tributary 
New York, and distribute traffic satisfy the competing 
roads. neither immoral nor unfair for railroads compete 
with canals, and, long there combination advance rates, 
neither producer nor consumer unfavorably affected such com- 
petition. 

The issue accordingly narrowed down the diversion, Phila- 
delphia and Baltimore, Lake traffic properly tributary New York. 
What Lake traffic should properly pay tribute New York? What 
other traffic than that which cannot avoid doing so; that is, traffic 
commodities intended for consumption distribution New York 
City? Any other traffic purely competitive, and long that 
competition fairly conducted, New York interests have cause for 
complaint against rail lines terminating other ports. The respon- 
sibility for maintaining New York the front rank depends upon the 
terminating there. Against them should the complaint 
directed, accompanied the evidence that they have failed their 
duty this respect. 

The author asserts that the early seventies New York controlled 

between and the export trade passing through the North 
Atlantic ports. Compare the track mileage the early seventies con- 
trolled, respectively, the interest each these ports, with the 
mileage controlled to-day, and will seen that the situation has 
greatly changed competition the grain-producing territory. 
That territory itself has been continuously extended direction 
favorable short hauls the Delaware and Chesapeake Bays, and 
also the South Atlantic and the Gulf ports. Under such conditions 
not expected that New York should continue control 
nearly 80% the total export trade, nor that the Erie Canal should 
continue control one-third all the grain received these ports. 
The rates rail have been largely reduced since the early seventies. 
The all-rail grain rate from Chicago New York, cents per ton- 
mile, quoted the author, has been reduced less than cent, and 
the canal-boats have not been able meet this reduction. his com- 
parisons the author deals percentages, not quantities. sustain 
his thesis that the rail lines terminating New York have keep 
that port the front rank the grain traffic, should have com- 
pared the movement the export trade tons, distributed areas 
origin, and should have entered more into details support his 
assertion, that, the largely increased Lake traffic, undue propor- 
tion has been diverted from Buffalo Erie and Fairport. 
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Though has not presented such statistics, assumes that Mr. Haines. 


has established his charge discrimination, and calls for remedy. 
says that for twenty-three years the merchants New York have 
called vain for relief upon the rail lines terminating there. the 
managements these lines hava not responded satisfactorily such 
appeals, they have failed meet their responsibility through inten- 
tion, neglect inability, and, when the charge clearly established, 
the supporting evidence should show which causes such 
failure due. the merchants New York are convinced that, 
for any reason, the rail lines terminating that port have not kept 
the front rank, they are right seek When these 
lines were relatively stronger than present, and interested solely 
New York commerce, they attempted abrogate the differential 
agreement, but were whipped into line after war rates that lasted 
for over two years. The Interstate Commerce Commission has decided 
that this agreement not illegal, and strenuous efforts decrease the 
terminal charges have been unsuccessful. 

With these conclusions, the author connects estimate the bur- 
den which the traffic New York has had bear, reason the 
differentials upon grain and grain products for domestic consumption 
and distribution; burden which estimates variously cents and 
cents bushel, and averages about per annum. 
calls this tax, paid the roads terminating New York City, 
induce them consent the diversion trade; exaction, the 
New York roads upon New York commerce, the price their 
acquiescence its destruction. has just asserted that the Inter- 
state Commerce Commission decided that the differentials were not 
illegal, and that, after fighting them for two years, the New York roads 
had been eventually whipped into line. Why, then, charge these roads 
with adopting the differentials one ingenious method for exacting 
from New York commerce the price their acquiescence its 
destruction? 

But goes say that, notwithstanding the differentials, the 
New York roads have not only maintained the absolute amount ton- 
nage New York, but that they have also secured their fair percent- 
age the increase. Why say notwithstanding the differentials 
Why not reason them? says, they have secured their 
fair percentage the increase, why hold them accountable for the 
decreased traffic canal? this point absolves them. admits 
that the differentials have recently been reduced and that they will 
probably abolished, other ports secure favorable ocean rates 
and improve their harbor facilities. This itself would seem 
remedy for the alleged railroad discrimination, but the author relies 
solely improving the Erie Canal. thinks that the canal were 
enlarged and the Hudson River navigation improved, and the water 
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route thereby secured reasonable proportion the traffic properly 
and naturally tributary New York, the railroads could relied 
secure their own percentage the competitive traffic. Into the 
engineering questions involved this proposition does not enter, 
they pertinent his thesis Railroad Discrimination against 
New York and the Remedy.” 

examination this paper elicits the proposition that, while 
the Lake traffic has increased enormously, some portion it, properly 
tributary New York, has been diverted, via Fairport and Erie, 
Baltimore and Philadelphia, means lawful differentials, but that 
the portion diverted has not been taken from the rail lines termi- 
nating New York. The Erie Canal has failed carry such 
percentage the traffic would make efficient remedy 
against railroad discrimination. The improvement this water- 
way must character that would bring about the following 
results: 

First, must reduce rates point below which competing rail 
lines could not establish rates. The author fixes the lowest known 
rate rail between the Lakes and the seaboard mills per ton- 
mile. His idea that the water route should furnish transportation 
rate about 0.052 mill per ton-mile, prevent the possibility 
rail differentials, and that then the commerce the Great Northwest 
would once more flow through its natural channel, the gap through 
the Appalachian chain. 

Second, that the construction this enlarged waterway should 
put end exorbitant transfer charges upon grain arriving Buffalo, 
furnishing such outlet for would enable burst through 
any system extortion. 

these conclusions, far they bear upon the prosperity the 
City New York, person whose interests are line with them 
would disposed take exception, nor has the writer undertaken 
discuss them from any other point view than that the grain 
differentials have diverted from New York considerable amount 
traffic properly tributary that port, and that was the power 
the rail lines terminating New York abolish these differentials 
their own motion. freight can carried from Buffalo New York 
rate 0.052 mill per ton-mile, will certainly divert the 
latter port much the Lake traffic now taking other routes. 
Whether, the author suggests, was idle talk the part the 
railroad president who proposed carry grain free from Buffalo 
New York for the price the canal enlargement, that another 
story. 


Mr. Berg. Am. Soc. E.—The title this paper does 


not indicate the general and broad question evidently involved, 
namely: Reasons for the Decline the Commerce the Port 
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Mr. Berg. New York, and the Remedy.” paper reality one-sided 
argument, offering only one reason for the decline the commerce 
the Port New York, consisting summary the past history 
the question rail differentials and general arraignment the 
railroads the sole cause the decline. 

This portion the paper practically abstract the argu- 
ments, testimony and briefs presented 1897 the suit the New 
York Produce Exchange vs. Baltimore and Ohio Railroad Company 
and thirty-one other railroad companies before the Interstate Com- 
merce Commission, the complainants being represented the law 
firm Baldwin Blackmar. This case was decided April 30th, 1898, 
the Interstate Commerce Commission, the decision being: The 
complaint dismissed without prejudice.” The Commission went 
into the questions involved, the legality and the reasonableness 
the existing rail differentials, with great detail, holding meetings 
various cities and taking testimony all kinds, and finally ren- 
dered most exhaustive review and decision covering all the phases 
the question. While the author quotes certain clauses the de- 
cision, the following additional clauses will serve illustrate the 
scope the inquiry and the importance this adjudication the 
question New York rail differentials the proper court inquiry 
established Congress: 

companies may make whatever rates, form whatever lines, 
and establish whatever differentials they deem best for the purpose 
securing and conducting transportation, provided the just interests 
the public are not sacrified thereby, and whether doing they 
act wisely unwisely, fairly unfairly between themselves, not 
for the Commission determine; the jurisdiction the Commission 
confined inquiring whether the situation which the carriers have 
created the act regulate commerce. 

complaint brought behalf New York City, and 
alleging that differentials, allowed the defendant carriers grain, 
flour and provisions from Chicago and other western points, cents 
Philadelphia and cents Baltimore below the rates New York, 

are unlawful under Section the Act Regulate Commerce. 
Held, That the differentials are legitimately based upon the competi- 
tive relations the carriers, that does not appear upon the present 
record that the carriers have exceeded the limit within which they are 
free determine for themselves, and, accordingly, that the differen- 


tials complained not result unlawful preference advantage 
Philadelphia Baltimore over the City New 


should noted that the author says decision stated only 
that differentials were not The decision reality declared 
that the existing differentials were not only not illegal, but that they 
did not place New York under disadvantage. 

The main reason for entering into discussion the paper the 
fact that while the author admits that the legality rail differentials 
has been adjudicated the duly constituted public and judicial 
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authorities, and inferentially acknowledges that the question belongs 
the past and ‘‘the remedy not with the who 
power protect the commerce New York,”’ still, there are cer- 
tain inaccuracies the facts presented, and, further, the history 
rail differentials and the arguments are marshalled such skilful 
manner very likely leave the impression casual 
reader the paper that rail differentials are founded wrong prin- 
ciples and that railroad companies engaged the New York trade 
are solely responsible for the decline the commerce the port. 

not for moment contended that the author has purposely 
been unfair this matter, but, doubt, his previous legal connec- 
tion with this subject has led him give preponderating impor- 
tance rail differentials, the main claim made the quoted case 
the New York Produce Exchange vs. the various railroads, and 
has unconsciously allowed all other possible elements contributing 
the decline New York’s commerce subjugated, being un- 
important factors. The purpose this discussion call attention 
the large number questions and elements that should form compo- 
nent part any impartial investigation and analysis the situation, 
addition the question rail differentials. 

regard rail differentials can stated that their legality has 
not only been sustained the Interstate Commerce Commission 
numerous decisions during the last twelve years, but also decisions 
the State Courts probably every State the Union, and the 
United States Supreme Court. score opinions could quoted 
affirming the correctness the underlying principles governing the 
maintenance rail differentials. 

The report the Railroad Advisory Commission, July 20th, 
1882, mentioned the author, consisting Messrs. Allen Thur- 
man, Washburne, and Thomas Cooley, appointed the 
railroad companies make impartial investigation railroad 
differential rates between the West and the Seaboard, one the 
most complete treatises this subject, and has been variously 
referred the A-B-C Rail Differentials the Rail Differ- 
ential Bible.” Some the conclusions reached this Commission 
were follows: 

There are influences bearing upon the charges for the transporta- 
tion property which are beyond the reach railroad companies 
altogether, and which combination among them can control. The 
transportation the products and merchandise which the different 
sections the country exchange with each other only part 
railroad hands, and the carriers rail are all times subjected 
competition which not only active and vigilant, but possessed 
some most important advantages. evidence has been 
offered before that the existing differentials are unjust, that they 


operate the prejudice either the Atlantic seaport cities. 
Differential rates have come into existence under the operation com- 
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Mr. Berg. petitive forces; they bear some relation relative distance and 


relative cost service; they recognize think the relative 
advantages the several seaports; and they are subordinate the 
great principle which compels the carriers property competing 
between the same points and offering equal facilities their customers, 
make the same rates. cannot advise their being dis- 
turbed. But not assume that the rates which are just to-day 
will just indefinitely. They have become established the force 
circumstances, and they ought give way future circumstances 
shall such render right and proper.” 

may argued that the members this Advisory Committee, 
while apparently rendering impartial opinion, were unconsciously 
swayed the railroad interests employing them. The following 
quotation from decision the Interstate Commerce Commission 
must certainly accepted coming from body biased, all, 
the interests the people: 

relative reasonableness rates shipments from Western 
points cities the Atlantic Seaboard determined all the 
and conditions that affect the traffic the respective 
points between which the rates are questioned, and not solely one 
standard comparison. The length and character the haul; the 
cost the service; the volume business; the condition compe- 
tition; the storage capacity; and the geographical situation the dif- 
ferent terminal points are all elements importance bearing upon the 
relative reasonableness the respective charges for 

the New York Produce Exchange case the Interstate Commerce 
Commission stated: think, therefore, that the principle upon 
which these differentials are made 

The following reference case decided last year the Supreme 
Court Minnesota will show the attitude State Courts when con- 
sidering methods determining reasonable rates, and among others 
the making rates accordance with commercial conditions and 
circumstances. The ruling was, substance: 

considering the reasonableness rates, the Interstate 
Commerce Commission and the Courts are justified taking into con- 
sideration what known ‘commercial necessity,’ namely, the 
application principles when fixing rates which are forced upon 
common carriers various conditions and circumstances and are 
common practice among them, business policy which actuates and 
influences the carriers themselves disregard rule strict com- 
parison and strict equality between bulk, weight, value, well 
distance This rule has constantly been 
recognized and acted upon railroads, and has often been referred 

and countenanced the Interstate Commerce Commission.” 

The attitude the United States Supreme Court the subject 
variations rates due competitive local conditions can inferred 
from the following quotation from decision rendered last year: 

The competition may some cases such as, having due regard 
the interests the public and the carrier, ought justly have 


C., 14th Annual Report, 65. 
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effect upon the rates, and such cases there rule which Mr. Berg. 
prevents the Interstate Commerce Commission the Courts from 
taking that matter into consideration.* 


Considering, therefore, that the public and highest 
courts the country have settled the equities the case, and that 
their attitude has been well defined upon the question rail differen- 


RECEIPTS AND EXPORTS NEW YORK, ALL KINDS GRAIN, 
FROM 1868 1900. 
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__ | Note: From 1868 to 1875 the River and Coast receipts 


Million 


1900 


tials and rates governed, not merely the distance cost principles, 
but the competitive factors and all the varying local conditions, 
does not seem necessary attempt present long arguments 
the justice, fairness and correctness the underlying principles. 
Until the fundamental law the land changed, railroad companies 
establishing rail differentials should not indiscriminately charged 
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with maintaining conspiracy against the people, and blamed for 
all the individuals engaged trade, every trade grievance 
commercial communities. 

does not seem fair allow the impression prevail that rail- 
road companies, and they only, have been the great stumbling block 
the way maintaining the former glory New York’s commerce, 
unless supported new evidence more substantial facts than 


reissue new form old arguments long since adjudicated and 
dismissed. 

not reasonable assume that the half-dozen important rail- 
roads serving New York would, for practically the last twenty-five 
years, deliberately maintain policy that would eventually undermine 
the commercial supremacy New York, and thereby cause loss 
themselves, also the State the reduced taxation their dimin- 
ished earnings and value their franchises. Even the author admits 
that railroad companies not commit suicide.” 


The Railroad Advisory Commission, previously mentioned, stated, 
this regard: 


Railroad problems assume such different phases from year 
year, and almost from day day, that those who bave authority 
railroad matters may justly expected and required give their 
earnest attention and best efforts making their franchises accom- 
plish the great ends equal, fair, prompt and beneficial accommo- 
dation which was intended their grant. And those ends they should 
have view determining upon the continued existence differen- 
tial rates. Their observation the general course traffic from day 
day and from month month ought enable them determine 
whether the differentials are too large too small; whether they are 
influencing trade unfairly and unnaturally; and whether they operate 
improper restraint upon competition; and when the improper 
discovered, they ought correct the wrong without hesitation 
delay.” 


the New York Produce Exchange case, previously mentioned, 
the Interstate Commerce Commission stated, this respect: 


The lines which extend the Port New York are numerous, 
powerful and aggressive. difficult believe that those lines will 
ever suffer any great permanent injury the commerce that port, 
when permitting that they must submit depletion their own 
revenues. might happen that some combination these lines, for 
the purpose promoting their interests some other point, would 
sacrifice the Port New York, that for the purpose promoting 
their interests some other kind traffic they would sacrifice this 
particular traffic. anything that sort were apparent, there 
seemed anything arbitrary, anything unreasonable, any undue 
preference against this locality this species would 
our duty correct it. But there nothing that kind and can 
better than leave this matter where competition has left it.” 


The author states that the railroad companies have motive for 
protecting the commerce New York. The reverse the case; they 
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Berg. have every motive Railroads, like any other branch com- 
merce, are controlled the natural laws trade and the general law 
demand and supply. They are commercial and quasi-public body 
engaged the selling transportation, and are also promoters 
production and activity every class trade and business. The 
general prosperity the business communities they reach imme- 
diately reflected the railroad company’s balance sheet. The two 
interests are inter-dependent. erroneous suggest that rail- 
road company can forget its true interests antagonize the 
business interests community serves. Self-interest can 
counted maintain the proper equilibrium, whether actuated 
the so-called selfish motives financiers controlling the railroad prop- 
erty the ambitious desires the railroad officers promote the 
general welfare the property committed their charge. 
officers exercise far greater care and give more thought the satisfac- 
tory solution complex problems connected with traffic conditions 
influencing the prosperity communities reached the road, than 
they receive credit for from the general public, swayed and influ- 
enced the dominating ebullitions certain section the daily 
press against all corporate activity. 

the place offering practically wholesale arraign- 
ment railroad companies and general condemnation the entire 
rail differential question, had entered more particularly into discus- 
sion allthe various elements affecting the question the decline 
the commerce New York, and had dwelt the question the rea- 
sonableness the amount the existing rail differentials, would 
have made much more forcible argument. 

The question the reasonableness the existing differentials 
open discussion and individual conclusions. What was fair and 
just 1877, may not to-day. 1882 the Railroad Advisory 
Commission reviewed the conditions and reported that the then exist- 
ing differential rates, established 1877, viz., cents and cents, 
were fair and just, but might not The Interstate Com- 
merce Commission reviewed the conditions 1897, complaint the 
New York Exchange, and decided that they could see rea- 
son for making the rail differentials were not causing dis- 
advantage New York. 1897, therefore, the differentials were 
found fair, and the question is: Has any new evidence developed 
change the conditions since then? 

The author incidentally remarks that certain modifications rail 
differentials had been made during the last year, without, however, 
stating specifically what extent how far such modifications 
would affect his general arguments based upon the older conditions 
applied the future. 


well known that the deduction fixed differential from 
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U.S. PRODUCTION WHEAT, CORN AND OATS, FROM 1866 1900; Mr. Berg. 
COMPARISON WITH 


Note: Atlantic and Gulf Ports. New York, Montreal, Portland, Boston, Philadelphia, 


Baltimore, Norfolk, Newport News, New Orleans and Galveston, 
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varying tariff rate becomes matter serious moment proportion 
the tariff rate lessened, that fixed differentials which would 
equitable under high tariff rate become objectionable under low 
rate. The present rates export grain from all the Eastern 
ports are absolutely uniform New York and its five outports, namely, 
for wheat, cents; for corn, cents; and for oats, cents per bushel. 
obvious that with rates reduced such low points, the question 
additional deductions for differentials not practicable. 

About two years ago the railroad companies, joint action, cut the 
old all-rail differentials export grain two, that since then the 
differentials such all-rail grain have been only cent per 100 Ibs. 
favor Philadelphia and cents per 100 favor Baltimore, 
Norfolk and Newport News. 

For number years there have been differentials ex-Lake 
grain for export, and the rates have been absolutely the same from the 
Eastern Lake ports, such Buffalo, Erie and Fairport, New York, 
Boston, Baltimore. Ex-Lake grain practically all 
exported. 

The conditions, therefore, during recent years, far the bulk 
the New York grain trade concerned, have certainly been more favor- 
able than under the old differential rates, which were found the 
Interstate Commerce Commission, late 1897, still just and 
not disadvantageous New York. Yet, spite these reductions 
the differentials during recent years, the relative percentage New 
York’s grain trade, compared with other ports, has been decreasing, 
clearly indicating that rail differentials are not the bottom the 
trouble. The author has correctly stated that the development 
trade takes place under natural laws and cannot forced. 

regard the legality and justice making export rates lower 
than the domestic rates, the Interstate Commerce Commission ren- 
dered decision 1899 which contains the following language: 


Market conditions may justify export rate through the Port 
New York somewhat lower than the domestic rate, and Philadel- 
phia, Baltimore, Norfolk, and Newport News usually take rates which 
are certain differentials below the New York rate both domestic 
and export traffic. Such adjustment rates would 
the advantage the carrier, and just alike the American con- 
sumer and the American 


Owing the reductions rail differentials recent years, many 
the author’s figures, when applied existing conditions, will 
cut two, and all references the so-called tax ex-Lake trade 
would have practically entirely disregarded to-day. 

The deductions the author draws between the volume the grain 
trade from 1873 1876, comparison with the last four years, are 
ingenious, but misleading, the conditions that early period the 
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EXPORTS ALL KINDS GRAIN, COMPARISON WITH Mr. Berg. 
BOSTON, PHILADELPHIA AND BALTIMORE, FROM 1880 
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development the railroad grain trade were entirely different from 
to-day, and hence not warrant the conclusions reached, that the rail 
differentials are responsible for the relative decline New York’s 
grain trade, comparison with other ports. 

The figure $666 000, stated the author represent the yearly 
burden upon the Port New York due the differentials, grossly 
exaggerated, owing the assumptions. The all-rail differ- 
entials cents and cents have only been use since 1877, not 
since 1872; during part the time they were not enforced, and re- 
cent years they have been reduced part. The ex-Lake differential 
was only established 1895 and was only cent per 100 and has 
recently for number years been practically abolished. The au- 
thor’s calculation based upon the maximum differential cents 
all grain, both all-rail and ex-Lake, since 1872. The errors the as- 
sumptions are apparent. After making the necessary corrections and 
distributing the resulting amount among half dozen railroads, the 
figure comparatively small invalidate the force the au- 
thor’s argument, that this contribution the company’s treasury 
offers substantial reasons for the apathy the New York roads 
their efforts protect New York commerce.” 

The attitude railroads and the rail differentials will not suffice 
explain the changes taking place New York’s commerce. There 
are many other reasons, some which are incidentally mentioned 
the author, without allowing, however, any particular weight 
attached them. 

not feasible this discussion enter into full analysis 
all factors affecting the question. has been thoroughly gone into 
special reports and investigations made within recent years the 
United States Industrial Commission, the United States Interstate 
Commerce Commission, the New York State Committee Commerce 
the Port New York, the New York Chamber Commerce, the 
New York Dock Department, the New York State Committee Canals, 
and various municipal bodies and trade organizations. The several 
causes and effects, with reference their comparative influence the 
different ports, were discussed and investigated from almost every 
point view. the relations the railroads and rail dif- 
ferentials, the following features are all more less intimately related 
the subject: The decline traffic the Erie Canal; the improve- 
ments made the Government, railroad and private interests the 
terminal facilities other ports; the increased business Canadian 
ports, and canals and contemplated Canadian canal projects; the in- 
fluence the Gulf ports; the shifting production and population 
centers; the population and domestic consumptions seaboard cities; 
the shifting the wheat and corn belts; Lake shipments; the relative 
rates rail and water carriage; handling expenses; port, elevator and 
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COMPARISON WITH THREE OUT PORTS, BOSTON, 
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lighterage charges; docking facilities; ocean freights, berth and cargo- 
lots; vessel and steamship tonnage; regular steamship lines running 
from seaports; tramp steamship service; cargo-lot trade; warehousing 
and floating elevator interests; inspection rules, regulations and 
charges; brokerage and commission charges; classification systems; 
export and local rail rates; through rail and ocean carriage; relation 
exports, imports and balance trade; volume manufactures 
seaports; warehousing capacity and location warehouses with ref- 
erence rail and water communication; subsidies ocean liners; 
granting free storage and other facilities; remission reduction 
charges for insurance, demurrage, etc.; guarantee full weights; 
money and trade centers and banking facilities; competition water 
and canal routes; comparison water and rail rates; water naviga- 
tion season and time element; traffic facilities and conditions 
cago, Buffalo and other Lake ports, etc. 

Any analysis the general question the reasons for the decline 
the commerce the Port New York must include full considera- 
tion practically all the foregoing subjects. The problem one 
the most complex ones that can offered astudent economic and 
transportation questions. requires for its satisfactory solution 
absolute detail knowledge all the phases and conditions involved, 
and can only answered after thorough, systematic and intelligent 
examination and study from every standpoint. 

The rail differentials have doubt certain objectionable features, 
and the rates may not have been absolutely just and fair all times, 
but they are not responsible for decline. examination the 
diagrams, showing graphically New York’s percentage exports 
wheat, corn and oats, comparison with the total exports New 
York and its immediate outports and groups ports, covering Mon- 
treal, Portland, Boston, Philadelphia, Baltimore, Norfolk, Newport 
News, New Orleans and Galveston, will offer the best proof that rail dif- 
ferentials are not causing all the trouble. New York’s 
1895 1900 has fallen every case. The New York rail differentials 
have certainly direct leading influence shipments from the Gulf 
ports and from the Canadian ports, yet the same decline New York’s 
percentage has taken place, and about the same ratio the out- 
ports, which are directly concerned. The same reduction New 
York’s percentage has taken place, between New York and Boston, 
starting 1891, and yet Boston laboring under the same so-called 
differential burden New York. This diagram the best possible 
denial the claim that rail differentials are solely responsible for the 
New York conditions. New York has lost comparison with ports 
which are not all affected rail differentials, and comparison 
with Boston, which has the same differentials New York; clearly 
indicating that there are other conditions causing the general decline 
besides rail differentials. 
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EXPORTS WHEAT, CORN AND OATS, NEW YORK COMPARISON 
WITH GROUPS PORTS FROM 1878 
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The author has based his arguments the decline New 
commerce largely the decline the grain trade the port, hence 
the diagrams presented the New York grain receipts and exports 
are value There question that the propor- 
tional grain commerce New York gradually being reduced com- 
pared with the total exports from its three immediate outports (Boston, 
Philadelphia and Baltimore), from its five outports (Boston, Phila-. 
delphia, Norfolk and Newport News), from the two North 
Atlantic Canadian ports Portland), from the two Gulf 
ports (New Orleans and Galveston), and, further, from all the nine 
principal grain ports from Montreal Galveston. 

The decline only relative, however, the actual average yearly 
volume grain receipts and exports New York during the last five 
years has been greater than during any previous five-year period. 

The total grain receipts New York seem follow cycle six 
years, and the low year occurs the second year after the high year. 
This rule practically holds good since 1874. The years 1892 and 1898 
were the last high years. The results predicted the New York 
Produce Exchange case 1897, based mainly upon the low years 
1895 and 1896, have not been since realized, far the total volume 
receipts New York concerned, the output 1898 being the high- 
water mark the New York grain trade. 

New York cannot eliminate the influences work which are causing 
large part the grain and productions the country seek other 
outlets, due the shifting the production and manufacturing 
centers and new developments railroads, canals and shipping 
facilities other ports, more particularly the Canadian, Chesapeake 
Bay and Gulf ports. The only successful method for the New York 
railroad, shipping, warehousing and floating elevator interests, the 
financial and commercial bodies, and the public and State authorities 
all work together for the common good. every branch the 
commerce the port, one way the other, there will found 
elements tributary the relative decline the commerce the port, 
each such element being responsible for certain percentage the loss. 
Rail differentials, doubt, have contributed certain percentage, but 
any impartial and comprehensive analysis will found that their 
percentage small compared with other vital features. 

The author refers excessive elevator and lighterage charges. As. 
matter fact, the charges are fair all the expenses, losses and 
annual charges the investment connected with each business are 
duly considered. The great trouble with many comparisons and off- 
hand statements unit costs that proper allowance not made for 
all the general expenses, unusual expenditures that occur from time 
time, losses, and risks incurred every business. addition, 
should stated that, spite the general opinion the contrary, 
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railroad companies own only 20% the storage elevator facilities Mr. 
New York, and the floating elevators are under the control private 
corporation. all other ports the bulk the elevator service 


owned the railroad companies, and the steamship lines are more 
less dependent the railroad companies. 


NEW PERCENTAGE EXPORTS WHEAT, CORN AND OATS, COMPARISON 


WITH VARIOUS GROUPS PORTS, ETC., FROM 1878 1900. 


9 Ports:- Montreal, Portland, Boston, Philadelphia, Baltimore, Norfolk, 
7“ “ “ “ “ “ 


“ 
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3 
2 Gulf Ports:- New Orleans, and Galveston. 
400 2 North Atlantic Ports:- Montreal and Portland, 


Newport News, New Orleans, and Galveston. 


and Newport News, 
Boston, Philadelphia, Baltimore, Norfolk, and Newport News. 
“ “ “ 


The author also refers excessive grain inspection fees. This isa 
matter entirely under the control the New York Produce Exchange, 
which body has been most pressing its arraignment railroad com- 
panies. Why would not good scheme for the New York Produce 
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Exchange initiate the movement and set the pace reducing these 
alleged excessive inspection fees abolishing them altogether and 
absorbing the expense the grain inspection department their gen- 
eral expense account The answer which would given any such 
proposition obvious. But unless the non-railroad interests are 
willing sacrifice something, how can they expect the railroad com- 
panies bear all the brunt the fight 

The general outlook for the commercial and export trade the 
entire country particularly bright the present time, and, while 
New York will probably continue lose relatively, the facilities and 
developments other ports progress, she will, doubt, always retain 
large volume the total business. stop reduce this relative 
decline and increase the total actual business should the 
endeavor all the parties interested. This should not done, how- 
ever, aiming throw the odium some one else, selecting 
some new scheme offering the only salvation, but united action 
and concessions all around. The railroad companies have cut two 
the old all-rail differentials the bulk the grain shipments, and 
practically abolished ex-Lake differentials, and are undoubtedly willing 
and endeavoring solve the many problems involved, the best 
advantage the commerce the port. spite the author’s 
statement the contrary, perfectly evident that railroads have 
powerful motive foster the commerce the port. Even 
largely due self-interest, exists. They are bound protect them- 
selves, owing the enormous investments already made terminal 
facilities the port. Every new scheme and railroad improvement 
should encouraged the public authorities and commercial 
interests, offers additional guarantee that the railroads must 
their part the general forward movement. The question is: 
Will the other interests involved their share? 

conclusion, will pertinent remark, connection with 
the second section the paper, that any enlarged canal scheme will, 
doubt, contribute its share the general improvement the 
commerce the port, but should not considered the panacea 
for all ills. 

The author claims that the railroads have been practically the cause 
all the trouble, and that they cannot looked for remedy, 
they are powerless act, even they had sufficient motive and were 
willing protect the commerce the port. The aim this dis- 


cussion has been refute the view that rail differentials are the sole 


cause the decline, and emphasize that railroad companies are not 
apathetic, but have every motive assist protecting their own in- 
terests well those the entire community. Further, that the 
problem very complex one, involving many other interests besides 
those directly controlled the railroad companies. 
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The solution will not advanced vituperations and one-sided 
arguments throwing all the blame one interest, but requires impar- 
tial investigation and united action and concessions, not only the 
railroad companies, but all commercial, shipping and harbor inter- 
ests, trade organizations and public authorities. The efforts these 
various non-railroad interests, heretofore, have been largely directed 
general arraignment railroad companies and seeking establish 
new so-called competitive weapon with which fight the railroads. 
But there cause for such attitude. Whatever will assist the 
general prosperity the port will, reflex action, aid the rail- 
roads. Increased exports will bring increased imports and manu- 
facturing activity, all which will contribute increased railroad 
earnings. 

enlarged canal will undoubtedly benefit the port and 
cause the commerce the Great Lakes seek outlet through the 
Port New York, thereby increasing the commerce the port and 
the general prosperity the community. The railroad companies 
will not only benefit the increased traffic thereby caused and 
from New York, but will aided successfully resisting the inroads 
now being made and expected the future from the Canadian 
canal, railroad and terminal improvements, also the tendency for 
the products the Northwest toseek southern outlets. the author 
has correctly stated, conservatism and force habit trade cause 
traffic follow certain well-established channels and outlets, and, 
may added, along the lines least resistance. Create these con- 
ditions, any way that may seem best, that New York will become 


Mr. Berg. 


the natural outlet for the rapidly increasing traffic from the Lakes and 


the West, and will found that railroad companies and all parties 
affected, including the canal interests, will benefit the general 
prosperity. The author has stated correctly that conditions must 
created allow the development commerce under the natural laws 
trade. The truth this generality should borne mind all 
interests concerned the prosperity the port, and their efforts 
directed general improvement all branches commercial 
activity, place fostering animosity against railroads, the decline 
the commerce the port halted and the glorious position 
New York the chief port the country maintained. 

yearly amount the differentials mentioned Mr. Blackmar, viz., 
$666 000, treated from local point view, solely taken from 
the net resources the inhabitants the City New York. But 
apparent that forcing freightage into inconvenient and more 
expensive channels, the differentials have compelled the producers 
the West contribute their full amount, not only all produce 
reaching the Atlantic seaboard, but, far values the point 
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production are governed the net receipts the place consump- 
tion, the entire product has had its value the producer decreased 
pro rata the differentials imposed. 

While now impracticable predict the effect the compara- 
tively new community interests between the railroads the present 
practice imposing differentials the traffic the country dis- 
crimination against the cheapest route, there seems ground 
for expecting its discontinuance. And the only alleviation the 
impost that presents any certainty automatic action seems lie 
competing public waterway capable passing the largest vessels 
navigating the Great Lakes. 


(by letter).—This subject ought command 
the attention the city authorities and such commercial and 


financial organizations have the welfare the City New York 
heart. 


The differential rates that the railroads have taken the liberty 
establish, and that work disadvantageously upon the interests 
the city, ought abolished, and New York enter again upon the 
advantages with which Nature has provided her. 

The reasous that were urged for the establishment these rates 


have largely ceased exist, and prompt means should taken for 
their abolition. 


stated high authority that: 


investigation the relation differentials the rates 
charged 1877 and 1897 shows that the decline the rates, 
which has taken place during that period, the differentials are now 
even more effective against New York than when first established. 
The rate wheat rail from Chicago New York has fallen about 
40% since 1877. that time the percentage the differentials 
allowed Philadelphia and Baltimore were, respectively, and 18% 
the rate wheat charged from Chicago these ports. 1897, 
reason the decline the rate wheat, the percentage the 
differentials had increased 19% the rate Philadelphia and 
the rate Baltimore. Thus, the continuous application 
differentials, originally established offset conditions existing twenty 
years ago, the beneficial effect ports south New York has increased 
proportion the decline rates, and has been still further 
augmented New York has been dispossessed the advantages she 
then enjoyed. true that the influence exerted the 
differential rates entirely disproportionate the conditions now 
existing, and therefore harmful the interests New York.” 


strange condition that railroad corporations that owe their 
existence and their right conduct their business this State, 
should permitted use their powers render nugatory the natural 
advantages that the State possesses. clear case matricide. 


has given his admirable paper the correct diagnosis the evil 
arising from railroad freight differentials, and has prescribed the 
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but there some question whether the dose which 
prescribes will sufficient completely eradicate the germs the 
évil, which, unless held check, are certain kill the traffic all 
water routes, from the Lakes the Atlantic, which cannot furnish 
better transportation facilities than existing lines. 

The differential agreement, connection with railroad ownership 
the steamship freight lines the Lakes, one the most ingenious 
arrangements for controlling the routes that the traffic between the 
Lake region and the seaboard must follow which possible 
devise. 

Under this arrangement the railroads best located for furnishing 
cheap transportation have retained their full share the transporta- 
tion business, while other roads, where the natural conditions for 
obtaining traffic are less favorable, have developed large increase 
business the expense the the Erie Canal. 

The railroad differential agreement 1877 became fully effective 
about 1880, since which date the traffic the Erie Canal has decreased 
50%, while that the railroads has been trebled. 

When consider that this result has been accomplished with rail- 
road rates nearly double those the Erie Canal, quite evident 
that the railroad freight differentials alone have not been 
influences which have diverted the commerce the Erie Canal the 
railroad lines between the Lake and Atlantic ports. 

The grain and package freight the Lakes transported 
steamers running connection with the railroad lines from the Lakes 
the seaboard, over which lines through bills lading are given 
from the Lake ports the ocean terminal. 

The Chicago shipper can turn his elevator receipts into the bank 
with each shipment, and get returns once with which continue 
business, but with freight shipped the Lakes and the Erie Canal, 
such arrangement possible, and even with the barge canal, 
which Mr. Blackmar advocates regulator railroad combinations, 
very doubtful whether existing conditions would much im- 
proved, 

generally admitted that such waterway would necessitate 
transfer freight Buffalo, and without the formation large 
transportation companies controlling freight steamers the Lakes 
and lines barges the canal, the railroad and Lake steamship lines 
would still able control the movement freight the same 
under existing conditions. 

has been stated that transportation companies would formed 
and barges built for the route the time that the waterway could 
completed. This would true, probably, there did not exist the 
element danger that cheaper transportation route from the Lakes 


proper remedy restore normal conditions transportation business, Mr. Wisner. 
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Mr. Wisner. the Atlantic will constructed long before 12-ft. barge canal could 


completed between Buffalo and the Hudson River. 

Capitalists will not expend large amounts the construction 
fleets barges unless there fair chance that the expected traffic 
will not diverted the building other waterways better adapted 
for the business, and over which the commerce the Lakes can 


the seaboard for much lower rate. 


‘It safe say that the fact should established that the water- 
way from Lake Hudson havea depth only ft., the 
construction 21-ft. ship canal frcm Georgian Bay Montreal, via 


French and Ottawa Rivers, would commenced within year. 


Over this route freight could carried from Chicago Montreal 
for about the same cost from Chicago Buffalo, condition which 
would destroy all chance developing barge canal from 
Buffalo the Hudson, except for the distribution products for home 


If, 12-ft. barge canal, waterway sufficient dimen- 
sions constructed allow the passage the best modern Lake 
freight carriers, would impossible for any railroad combination 
compete with any better success than with the present steamship 


With the facilities for which now exist, and which, 
the opinion the writer, will not materially improved the 
construction 12-ft. barge canal, the railroad companies have 
motive for changing the differential freight arrangement, and, Mr. 
Blackmar has clearly shown, could not discontinue it, even the 
interest some the companies so. 

The necessary action correct the unjust discrimination from rail- 
road freight differentials involves, large extent, correct interpre- 
tation the problems discussed recently the papers Canals 
between the Lakes and New York.* 

That discussion pretty thoroughly established the fact that any 
waterway requiring transfer freight Buffalo would not prevent 
satisfactorily modify the evils existing transportation arrangements, 
but, regard the maximum limit dimensions waterways 
produce the most beneficial results, there seems diversity 
opinion which difficult reconcile with the fact that most the 
elements necessary for the solution the problems are fairly well deter- 
mined. 

This, however, largely due some the conclusions being based 
upon assumed data instead upon well-established facts relative 
the volume and transport rates Lake and ocean commerce, and upon 
the cost maintain waterways different dimensions through the 
Lakes and from the Lakes the 
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velt Commission Canals, tons will not overestimate 
the freight traffic the Lakes 1898.” This amount probably 
50% excess the actual amount freight carried the Lakes 
1898. 

The table tonnage given the report the Commission 
Canals, with few exceptions, compiled from the statistics the 
entrances and clearances the different Lake ports, and includes the 
tonnage passenger steamers and freight carriers entering and 
leaving ports without any cargo whatever, thus making the volume 
registered tonnage largely excess actual freight carried. 

Cooley, Am. Soc. E., wrote discussion the papers 
between the Lakes and New which was not pub- 
lished the Proceedings, and was not available the time that the 
writer submitted his final discussion those papers, and did not 
receive the consideration which should have been given it. 

The conclusions reached Mr. Cooley are apparently based upon 
assumptions which should carefully considered before being given 
very much weight. 

The dependence the cost transport upon the capacity the 
freight carrier, the speed restricted channels, the length haul, the 
cost construct and maintain the waterway, the average detention 
terminals, and the actual expenses conducting the transportation 
business, are such that any material modification these factors will 
make radical difference the resulting relative values the different 
systems and methods transportation. All these elements are now 
sufficiently well established, and there should not any legitimate 
reason for any great variation the values used. 

Mr. Cooley, his discussion, assumes certain relative amounts for 
the cost transport railroads, ocean steamers, lake steamers and 
barges, which the writer unable reconcile with the rates reported 
commercial and Government reports. assumes the rates for 
actual ocean carriage mill per ton-mile, and for Lake and 21-ft. 
waterway, times the ocean rate. 

The rates for ocean freights (New York Liverpool), given the 
report the New York Produce Exchange and the report the 
Committee Canals New York State, varies from 0.6 mill per ton- 
mile for wheat 1.4 mills for flour and provisions, average 
1.0 mill per ton-mile. Similar freight from Chicago Buffalo varies 
from $0.50 $1.00 per ton, average about 0.8 mill per ton- 
mile, including terminal expenses. 

using the actual cost maintaining and running modern 
freight carriers, and adding the fixed charges for the cost, maintenance 
and operation 21-ft. waterway, can shown that package 
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freight can carried from Chicago New York with fair 
the shipowner for less than 1.0 mill per ton-mile, and since the ocean 
rate for similar freight fully large, difficult conceive why 
the Lake and waterway rate should assumed times that 
ocean carrier the ocean and through 30-ft. waterway the Lake 
ports. 

Mr. Cooley states that his rate mill per ton-mile for actual 
ocean carriage corresponds $1.20 per ton between New York and 
Liverpool, and $0.79} between Chicago and Buffalo Lake, but, since 
the actual average rate from New York Liverpool reported 
per ton, Mr. Cooley should give some authority for the rates which 
his conclusions are based, which differ widely from the rates quoted 
the commercial and Government reports and foreign 
trade. 

Mr. Cooley omits the fixed charges for deepening and maintaining 
Lake harbors for 30-ft. navigation, which would add over 000 000 
the annual expense and assumes that the 
using the waterway, would amount 24000000 tons 
annually. The capacity single-lock canal would not much more 
than this assumed foreign movement, and, since the domestic traffic 
the waterway would fully large the foreign freight, the fixed 
charges should increased for the cost construct and maintain 
duplicate system locks, else the estimated movement deep- 
draught ocean steamers through the canal should greatly 
diminished. 

Since products for domestic distribution can transported more 
cheaply freight carriers adapted the Lake and waterway routes 
than ocean steamship, the domestic traffic should not used 
part the over-sea movement. 

true that the economical freight carriers the Lakes could use 
the 30-ft. waterway, and make little better speed than 21-ft. 
waterway, but the saving time will means warrant the 
expenditures, and, therefore, estimating the advantages the 
deeper waterways, only such commerce should considered will 
benefited the increased facilities. 

With the rates which have been established years close com- 
petition both the ocean and the Lakes, the accurate estimates 
cost construct and maintain waterways different dimensions 
from the Lakes the Atlantic, based the extensive surveys and 
investigations made the General Government and the State New 
York, there seems legitimate reason for assuming data, the 
discussion rates, which are variance with these determined values, 
and such established rates and estimates are used all investigators 
fully the conditions will permit, the resulting comparative values 
proposed water routes should not differ materially. 
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Am. Soc. (by letter).—In order Mr. Raymond. 
discuss this paper properly one should, perhaps, familiar with all 
the details differentials, for the differential the burden under 
which supposed New York City laboring. 

Again, one should perhaps familiar with the possibilities rail 
and water transportation, both cost, tariff and shipping methods. 
would absolutely necessary for one versed these and 
discuss the subject detail were not that Mr. Blackmar fails 
entirely prove left that even layman may see its 
faults, and layman will attempt show some them. 

Mr. Blackmar’s contentions, neither which substantiated, are 

Railroad differentials have resulted sending other Atlantic 
ports traffic properly tributary New York; this evil needing 
remedy. 

adequate canal across New York State the only agent that 
can secure the one remedy, namely, the creation conditions 
that the natural operation the laws trade prohibit the discrimina- 
tion the railroads. 

these contentions Mr. Blackmar simply sets wooden man 
and proceeds knock down; does not even set his effigy firmly 
its feet. 

order make this case clear the procedure should have been 
somewhat follows: 

should shown what traffic properly tributary New 
York; that some this traffic has been diverted elsewhere; that this 
diversion the result some interference with the natural opera- 
tion the laws and that this interference the rail differ- 
ential. 

remedy could then suggested, and, possible, demon- 
strated beyond reasonable doubt cure and insure the 
natural operation the laws 

Probably Mr. Blackmar supposes has accomplished these results, 
but endeavor will made show that has not proved that any 
traffic properly tributary New York; that has not shown the 
diversion any traffic from New York; that has not shown any 
interference with the natural operation the laws trade,” and 
that has not shown even that the rail differential wholly largely 
responsible for the lessened percentage traffic received the Port 
New York, though does show the fact that New York now receives 
smaller percentage grain and flour than formerly, when the Erie 
Canal—an artificial the only practicable route from the 
West the Atlantic Seaboard. 

Traffic received any port may divided into two classes: That 
for local consumption and distribution the surrounding territory; 
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and that for export. The first class certainly naturally tributary 
the port; the second class naturally tributary only far and 
long the port point the line least resistance from the field 
door the shipper the door the consignee. 

Imagine long leading from pump some point 
discharge and open only the end: All the water pumped goes 
the end the pipe and that end New York, New York gets 
100% the water pumped. Let now small lateral leading Phila- 
delphia introduced into the pipe; matter how small some 
water will through it, and New York will longer get 100% the 
water pumped. 

laterals multiply, Boston, Baltimore, and Newport 
News, New York will receive smaller and smaller percentage all 
the water pumped. the demand for water increases the pumps are 
worked harder, new ones are added, each locality receives more water 
than before, and this may help the percentage New York unless 
the same time Philadelphia’s demand has outgrown the capacity 
her lateral and larger one laid. 

Imperfect the analogy, will, perhaps, help emphasize the 
fact that other ports grow importance and increase their facilities 
for receiving and shipping export traffic, that port which originally, 
because some great advantage, controlled practically all the busi- 
ness must expect lose relative amount—and should well satis- 
fied maintains its position the principal port the land. 

port may line least resistance for export traffic because 
its peculiar geographical position; because the excellence its 
service inland and water transportation lines; for both reasons. 
New York has the advantage geographical position, and excellence 
water service. Water service depends the accessibility the 
port, the character its harbor, and its dockage and storage facili- 
ties; these items New York may always have the advantage all 
other American ports. 

inland service: Before there were railroads much efficiency, 
New York had, the Erie Canal, distinct advantage over other 
ports. railroads multiplied number and efficiency the Erie Canal 
became less and less factor, that may fairly said that to-day 
New York not better served proportion her needs than are 
several other Atlantic ports. 

However, there are ports that ever will can have the advantage 
New York inland service, and since none can ever hope equal 
New York water service, New York must always the chief 
American port. But New York cannot hope always all the 
export traffic. could there would other ports. 

other ports increase number and population and excellence 
service both water and rail, just surely will they secure increas- 
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ing quantities export traffic load the incoming vessels, and just Mr. Raymond. 


surely must New York lose percentage the whole export traffic, 
though losing nothing, but rather gaining, absolute volume. The 
large percentage the export traffic which was once naturally tribu- 
tary New York naturally tributary that port. 
Improved rail transportation and competition have various ways 
made easier for some traffic other lines. 

One these ways may the rail differential. attribute New 
York’s whole loss relative traffic this cause absurd. has 
been due the perfectly natural operation the laws trade” 
increase corn production and the facilities for getting its 
natural market, southern port; the increase importance the 
Pennsylvania iron industry naturally tributary Philadelphia 
Baltimore; the change the center the milling business, 
which the greater portion flour made nearer Baltimore than New 
York; and many other causes that cannot specified. 

Corn southern and southwestern product, and that should 
ever have found its way great quantities New York must have 
been due lack proper facilities for transporting and 
marketing the southern ports which naturally tributary 
because its geographical position. 

There are probably data available that will tell what extent 
the differential responsible for the diversion traffic from New 
York, but there are some figures which may give little indication 
what this effect has been. 

Mr. Blackmar states that the lake and rail differential not only 
discrimination against New York favor Philadelphia and 
Baltimore, but discrimination against Buffalo favor 
port and Erie. 


Let the effect this discrimination against Buffalo looked 
into. 

Grain about the only item that can considered because 
the only very large item export traffic originating along beyond 
the Lakes. Almost every one the many Lake ports receives some 
ex-Lake grain, either for local distribution transhipment, and 
hence Buffalo cannot expect the only Lake port receiving such 
grain. What may its fair share such traffic may not deter- 
mined, but 1900 received about 86% the ex-Lake grain, while 
Erie and Fairport combined received about 6.2% the traffic. Does 
this look the differentials had seriously hurt Buffalo, even assum- 
ing, what probably not true, that the differential responsible for 
all the grain received these two newer ports. the diversion 
this portion the Lake export traffic sufficient cause for any costly 
canal construction? But asserted that the greater part this 
ex-Lake differential has been abolished. 
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Again, Mr. Blackmar states that for the four years preceding the 
differential agreement New York secured 57.2% all the flour and 
grain received six Atlantic ports, whilg the four years last passed 
New York’s percentage was 36.9, and similar statement made con- 
cerning exports. Why this sort comparison made com- 
pare conditions 1875 with conditions twenty-five years later, and 
attribute the whole change the operation the differential 

Has there been legitimate progress the other ports twenty- 
five years? the differential alone produced this effect, should 
have accomplished much less than twenty-five years—notwith- 
standing tendencies,” which are notoriously little 
effect America. 

hoped the construction costly canal re-divert that 
traffic which has become naturally tributary these other ports 

this could done, and various recent articles The Railroad 
Gazette and Engineering News have shown least problem- 
atical, and should done the expense New York State, these 
other ports would perhaps have very little say, but would insist 
still larger differentials offset the unnatural advantage secured 
New York. But were done national charge, would not these 
same other ports have just grievance 

And not only the other ports, but the transportation companies. 
the settled policy this country leave the transportation busi- 
ness private interests, Government reserving only such control 
shall prevent unjust discrimination charges. Under this policy, 
great railroads and great steamship lines have come into existence. 
Government has done much for the steamship companies the way 
improving harbors and channels; and, helping navigation, Govern- 
ment has some measure indirectly assisted the railroads. But for 
Government spend $300 000000 any other sum building 
artificial waterway for the free use the owners water craft direct 
competition with established railroad lines, or, toll charged, 
lending Government credit such companies for the building their 
permanent way, would commercial crime; and would 
double crime for Government provide the necessary money any 
form taxation that would compel the railroad companies pay 
portion the cost. 

But this digression; will return Mr. Blackmar’s figures. 

has been already stated, corn certainly naturally tributary 
southern rather than northern ports, but—including corn—the receipts 
grain New York 1900 were about 413% the total receipts 
the six Atlantic ports mentioned, the receipt flour about 363% and 
the receipt grain New York twice the receipts any other port. 
Now, excluding corn, the receipts grain New York 1900 were 
about the total receipts the six ports mentioned, and about 
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three times the receipts any other port. This does not look like Mr. Raymond. 


diversion magnitude due the differential. 

Such different conditions govern the shipment the various kinds 
grain and grain products that manifestly improper lump 
them such discussion this. The truth is, that, considering 
these same six ports, New York has lost relative receipts about 50% 
flour, wheat and 44% corn. considerable portion the 
loss wheat has been lost Boston rather than southern ports. 
New York still secures over 50% the wheat and oats—naturally 
northern products—while New York and Boston together receive over 
71% these products. 

Taking into account the natural operations the laws trade dur- 
ing twenty-five years, not probable that the rail differential has 
worked much harm the Port New York. 

This brief exposition finds support Mr. Blackmar’s own argu- 
ment, for has furnished good ground for doubt the soundness 
his position when tells the opening paragraphs his paper 
that the Interstate Commerce Commission has looked very thoroughly 
into this matter, and has decided that such differentials exist con- 
stitute neither unjust nor unreasonable discrimination against the Port 
New York. 

Mr. Blackmar, speaking the east-bound Lake traffic, says: 


greater part this traffic the coarser products, and the 
natural destination the Port Buffalo, andthe natural 
outlet the Erie Canal.” 

This mere assertion, and may met the simple fact that the 
Erie Canal cannot carry the freight, and the railroads can and 
carry less total cost than the canal imposes. 

Why, then, the natural outlet the Erie Canal? fair say 
that the natural outlet will the Erie Canal when that canal 
made better than the railroad, which can shown impossible 
cost commensurate with the value the improvement. 

Mr. Blackmar, after insisting, spite the assertion the Inter- 
state Commission the contrary, that the differentials are 
wrong, and work unjust discrimination against New York City, 
Buffalo and other cities New York State, asks: ‘‘Is there any 
remedy, and so, 

really not clear that Mr. Blackmar has discovered any disease 
that needs remedy. country great the United States, 
with many miles sea coast, and many good harbors, there 
would indeed indication disease one port should forever main- 
tain given relative supremacy one commodity, say 
nothing all commodities, over all other ports. Somewhere there 
would not only illness, but death. 

The need for remedy for the ills imagined Mr. Blackmar 
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doubtful, but may well consider one two errors that 
develop the course his argument. stated that the tax, the 
differential, does not apply that portion grain brought New 
York canal. not admitted now that any portion grain 
received New York pays the differential over and above fair 
freight rate; but granted for the argument that locally-consumed 
rail-carried grain does pay such tax over and above fair rate, 
follows that locally-consumed canal grain pays precisely the same 
tax; for has long been well known all persons not wilfully 
accidentally blind the real situation, that the railroad makes the 
rate, and the canal boatman goes enough under get some business. 
The railroad has been the regulator rates, has forced the canal 
almost out business, and to-day the canal carries only such grain 
the railroad concedes it. The differential exists the canal 
rate just certainly exists the rail rate. 

Again, speaking the enlarged navigable waterway between Lake 
Erie and the Hudson River the one remedy that sure and 
effective, Mr. Blackmar says: agency can never make agree- 
ments with railroads divert traffic any other ports,” etc., 

The control the traffic canal limited capacity these 
daysasimple matter, and just surely such waterway built 
work harm established railroads, just surely will the railroads 
control it, and make agreements that will protect themselves. 

Again, Mr. Blackmar states that has never been claimed that. 
rail rates 2.5 mills per ton-mile have been profitable the rail- 
roads, except aid the destruction the canal. 

This quite contrary the fact. Such claims have been made, 
and may easily demonstrated that such rates are profitable 
themselves. 

But rates have always been, and will always be, fixed what the 
traffic will bear; which means, when intelligently interpreted, fixing 
such rate that the net return the transportation company will 
this applies water rates well rail rates. 

From present indications will probably but short time, 
not now, before the Lake traffic will controlled the rail- 
roads. 

the Great Lakes can controlled, long will canal 
across New York State potent factor controlling freight rates 
degree that will anywise compensate for the enormous outlay 
involved? 

The truth that the Erie Canal has come great political 
power, and neither party the State dares oppose its continuance. 
Meanwhile the conviction rapidly spreading that 
the commercial prosperity the State,” and probably true 
that within few years the party that advocates the abolition the 
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canal, which imposes tax the many for some small benefit 


few; which, more than any one agency, instrumental degrading 
New York State politics; and which, spite assertions the con- 
trary, can shown have cost the State many millions dollars 
more than the State has received from it, though granted that 
has served good purpose the past; this party will placed 
control the State overwhelming majority. 

Summing what hoped has been least suggested: 

Mr. Blackmar has not shown what traffic properly tributary 
New York; that any such traffic has been diverted unnatural 
improper methods; that the Lake and rail differential has injured 
Buffalo any serious extent; that, indeed, any ailment exists requir- 
ing heroic measures State Nation cure. 

Mr. Blackmar has means shown that the agency sug- 
gests will accomplish the result desires. 
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THEODORE Assoc. Am. Soc. (by letter).—The dis- 
cussions this paper have been more the nature additions than 
differences opinion, hence the writer feels that can add little 
interest what has already been said. few points were brought 
informally, however, which have not yet been presented and which 
may worthy mention. 

The first these relates the method adopted measure- 
ments operating the current meter from fixed platform the 
sewer, the locations the meter being obtained system rect- 
angular co-ordinates, compared with other methods adopted success- 
fully elsewhere, notably the Sudbury Aqueduct experiments, 
which the meter was operated from framework observation man- 
hole, the locations the meter being obtained system polar 
co-ordinates. The choice, the present case, was dependent upon the 
nature the fluid conveyed the channel, for with sewage the sus- 
pended matter was nature and such quantities neces- 
sitate frequent inspections and occasional cleaning the current 
meter, order insure correct registration. The suspended matter 
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occasionally met with conduits conveying water is, the contrary, Mr. Horton. 


usually such nature readily screened, and any trouble 
from clogging the meter avoided. was these frequent with- 
drawals the meter during sectional measurement which, was 
thought, were more easily and quickly made the method opera- 
tion adopted than the method which, though very efficient, 
was slightly more complicated. Incidentally, also, the operation 
meter from framework involves the necessity certain amount 
working space manhole. present case the space was somewhat 
limited and might have proved inadequate. 

second point, and one which bears slightly upon the same ques- 
tion, was regard operating the meter from pivotal position near 
the center the cross-section. This somewhat important, consid- 
ering the type meter used these measurements, for with Ellis 
meter the motion depends upon the difference pressure the two 
sides the cup-shaped vanes. If, then, the meter placed 
stream where the filaments are parallel and travel with the same 
velocity, have the conditions equivalent those under which the 
meter rated still water. If, however, the filaments which impinge 
against the vanes move with varying velocities, erroneous mean 
velocity for the central point the meter recorded. This influence, 
course, inappreciable streams large cross-section where the 
variations velocity the cross-section are very gradual, but 
closed channels moderate size these variations are more sudden, 
especially near the periphery, and the possibility error conse- 
quently greater. operating the meter from pivotal position, 
however, was done these measurements, the plane the revolv- 
ing vanes is, for nearly every position the meter the cross- 
section, tangent the iso-velocity curves, that the velocity 
recorded the meter any such position is, far this one 
influence concerned, correct Near the surface the stream, 
where the iso-velocity curves are nearly horizontal, this influence was 
avoided holding the meter horizontal position. 

Many questions interest from biological standpoint suggest 
themselves, especially the composition contrasted with 
that fresh water. Normally, sewage has abundance organic 
food supply and little dissolved oxygen. abounds organ- 
isms fungous nature which develop without the direct action 
sunlight, and many them without dissolved oxygen. Fresh water, 
the contrary, has relatively small amount organic food supply 
and usually abundance dissolved oxygen. supports normally 
limited growth organisms. Such organisms are almost wholly green 
plants which are dependent upon the direct action sunlight for their 
development. These, when they reach the closed dark water-supply 
conduits, probably cease develop. 
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channels conveying sewage there marked increase the 
filamentous growths the sides the channels during the summer 
months, due, doubt, the increased temperature the sewage 
this season. This increase growth was quite noticeable some 
portions the Metropolitan sewers, and many instances have been 
cited where such growths have been sufficiently abundant com- 
pletely close the channel. water-supply conduits this seasonal 
development organisms probably also active degree, but 
probably much diminished the fact that the organisms normally 
conveyed into the conduits are, owing the darkness, environ- 
ment unfitted for any further development. fact, the troubles 
often caused growths such conduits are usually due abnormal 
conditions, and are rarely found well-maintained water supplies. The 
main point, however, that these growths, when they occur, cause 
increased internal friction and consequent decrease the carrying 
capacity the channels. 
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FoR 


the interests the profession, and the duty its 
the public, require that only those who are competent allowed 
practice Civil Engineers? 

what authority, through what agency, and upon what evidence 
competency, should applicants admitted the practice 
Civil Engineering?” 


questions the order stated, the first relates the interests the 
members the profession themselves and each other. 

The facts about the present situation are man 
who chooses may assume practice civil engineering. Without 
either special education previous experience may hang out his 
shingle,” advertise himself civil engineer, obtain clients, and 
collect fees for alleged professional services. 


The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
further discussion. (See Rules for Publication, Proceedings, Vol. xxv, 


this subject received prior September 28th, 1901, will 
printed later number Proceedings, and subsequently the discussion will 
published Transactions. 
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That this condition affairs anomalous need not argued. 
Neither any other profession nor even the well-established 
trades are similar conditions tolerated. 

The preacher must duly ordained the proper authorities 
the church which belongs before allowed occupy 
pulpit pose before the world minister the gospel. 

The man who aspires practice medicine must pass his examina- 
tion aud regularly authorized before can receive treat 
patients. 

man allowed practice law before the courts until has 
been admitted the bar the prescribed manner. 

one can teach the public schools without certificate his 
her fitness for such work, issued only after due examination. 
many the States one can sell drugs without license, based 
his possession the necessary qualifications for his duties. the 
trades, while, rule, proper qualifications are not required law, 
the members each trade have attempted, and usually with success, 
shut out the unqualified, through the agency Trade Unions and 
other similar organizations. this country, the great profession 
engineering, its several branches, almost alone being open 
the pretender and the quack. 

the interests the profession civil engineering require 
change this respéct? The question may viewed two prin- 
cipal aspects. The first and least worthy may called, put 
its most sordid light, the selfish aspect. based the right 
self-preservation. these days, competent civil engineer 
implies large amount special education and training. Whether 
the education acquired within without the technical schools, 
does not matter. However acquired, must supplemented 
training and skill, which can only obtained through actual experi- 
ence. Both the education and the experience cost money. They 
represent large part the capital invested the business. may 
fairly claimed that this capital equitably entitled the same 
protection that invested other lines business. mere 
commercial grounds alone, the man who invests money any lawful 
business may reasonably expect and demand the protection the law 
all proper ways. The particular quality the protection afforded 
will vary with the nature the business. The merchant not only 
expects and receives protection from the thief and the burglar, but 
likewise entitled protection from the nefarious competitor who 
sells goods under false names, misrepresentations, who 
appropriates his trade-marks. 

May not the civil engineer who invests money its equivalent 
his professional business demand equal protection from the unfair 
competition the quack who marks the goods offers with counter- 
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feit labels, and thereby enabled steal part the business that Mr. Whinery. 


rightfully belongs the bona fide engineer? Even admitted 
that the quack has the right dispose his goods, such they are, 
has right palm them off public under false trade- 
marks. The qualified members the profession have the right 
demand that his wares shall sold for what they really are. With- 
out any intention desire restrain fair and legitimate competition, 
may not engineers ask that competition shall confined between 
lines which mark the limits common honesty? 

The other aspect the question more attractive because rests 
higher grounds than mere self-protection commercial necessity. 
Its basis love for and loyalty the profession. This not the 
place the time enlarge the usefulness and the dignity that 
profession. Every true and worthy member holds the 
highest honor and properly jealous its good name. name 
under which may marshalled most the world’s greatest bene- 
factors the material progress the human race. are unwilling 
that its honor shall tarnished its usefulness limited the 
actions those who have right numbered its ranks, 
though they may assume its name. That the profession being dis- 
honored and its good name discredited the actions self-styled 


civil engineers, who have neither the necessary qualifications to. 


practice nor the common honesty admit their incompetence, 
fact that every civil engineer knows well that quite unneces- 
sary into particulars. Doubtless every member this Society 
could supply abundant facts and details from his own observation 
and experience illustrate and enforce the truth the statement. 
one will assert that not the duty every worthy and loyal 
member the profession protect its good name from this source 
danger and dishonor. There should be, therefore, dissent from 
the answer that the interests the profession demand that some 
effective method adopted prevent the incompetent from assuming 
practice civil engineering. 

the second division the question, relating our duty the 
public, the answer should equally clear. The admitted facts are: 
That present the public has ready means determining whether 
man who poses civil engineer competent incompetent, and 
that, the absence such knowledge, often imposed upon 
the charlatan. 

Civil engineering, while has been practiced throughout all ages, 
under other names, has been, until quite recently, without profes- 
sional organization, and without well-defined limitations. The public, 
large part it, has not been educated appreciate either the 
natural acquired qualifications necessary constitute competent 
civil engineer, discriminate between the real and the pretended. 
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civil engineer simply civil engineer very much plow 
plow; and, while recognizes that some plows are better for special 
purposes than others, field may plowed well enough almost 
any plow that can picked up. The difference between good and 
bad engineering not always obvious those who themselves have 
not the qualifications judge. The competent members the pro- 
fession are alone able, rule, see and point out the blunders and 
the lack professional good judgment the pretender. That vast 
sums money are squandered, promising enterprises wrecked, and 
reasonable expectations blasted every year through the operations 
ignorant and incompetent civil engineers, are facts too well known 
need proof illustration. That owe duty the public this 
matter must obvious every right-minded man the profes- 
sion require well might contended that the 
physician owes duty the public when sees plague existing, 
impending, which his professional knowledge and experience 
teaches him how stop prevent. From the standpoint good 
citizenship alone, have right stand silently while our 
fellow-citizens are defrauded, when their lives and property are 
threatened. 
now come the second branch the topic: 


what authority, through what agency, and upon what evi- 
dence competency, should applicants admitted the practice 


Civil 

Here arrive the first ground, the discussion the topic, 
where there may properly difference opinion. Previous discus- 
sion has disclosed that the members the profession are not all 
agreed upon the best remedy for the admitted evils that exist. 

would interesting review what has been done attempted 
done this direction other countries, though doubtful 
the facts would very much value us. The conditions 
abroad are, many respects, different from those existing 
the United States, that seems quite doubtful the experience 
other countries can much assistance tous. This not said, 
however, discourage the presentation, during the discussion, 
interesting facts along this line. 

The important requisites, any scheme adopted for the regulation 
the practice civil engineering, are: That should simple, 
capable efficient enforcement, and free from the possibility 
individual injustice can made. this last respect, would 
better err the direction liberality than that unnecessary 
restriction. From the nature our government, impossible 
secure national action the matter, and the several State legislatures 
alone must looked for the necessary legislation; and must 
recognized that nothing short State legislative enactment will meet 
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the requirements the case. very desirable that such enact- Mr. Whinery. 


ments the several States should nearly uniform possible. 

With these conditions mind, the writer would suggest that the 
efforts the profession directed toward securing, every State 
the United States, the adoption suitable acts regulating the practice 
civil engineering. hardly necessary say that the proper 
framing such acts will matter great importance, and the 
best talent the profession, aided good legal counsel, should have 
controlling voice their preparation. 

The following outlines briefly the requirements which, the 
writer’s opinion, should embraced such legislative act: 

will necessary define accurately the meaning the 
term Civil Engineer and differentiate broadly and yet carefully 
the occupations which come under the head practicing the profes- 
sion. This will means easy task, every one will recog- 
nize. 

Second.—A State Board Examiners should created, whose 
duties will examine applicants for licenses practice civil engi- 
neering within the limits the State. This board may consist five 
members, chosen from among men recognized standing the pro- 
fession, three members constituting quorum. They should 
appointed the Supreme Court the State, order avoid, 
possible, any political influence the appointments. The members 
the board should receive reasonable annual salary, and their 
traveling and other necessary expenses should paid out the gen- 
eral funds the State. Their term office should for consider- 
able number years, say five, and the term one member should 
expire each year. The board should meet stated times and places, 
after due notice, examine and license applicants. 

Third.—The licenses issued the board should three classes. 
Third-class licenses might embrace graduates from the civil engineering 
course technical colleges good standing, who have had little 
actual practice, and those applicants who have not graduated from 
such colleges, but who are found, upon examination, competent 
survey lands, build common roads, inspect work progress—in 
short, those who are just beginning the practice the profession, and 
those whose ability and attainments justify practice only the more 
simple work the profession. 

Licenses the first class should issued only those members 
the profession, who, marked ability long experience any 
branch civil engineering, have attained good degree eminence 
the profession. Licenses the second class should issued 
those intermediate between the third and first classes, the law may 
designate, and the examining board may determine. Licenses 
might advanced from lower higher class after due examination. 
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This division licenses into three classes, would solely for the 
information the public assisting judge the probable 
fitness the licensees for contemplated services, license either 
class permitting the licensee practice the profession without limita- 
tion. 

The board should authorized accept the possession 
diploma from engineering college recognized good standing 
satisfactory evidence the technical qualification applicants for 
third-class licenses, and license their discretion, without exami- 
nation, applicants for first and second-class licenses, such engineers, 
good character and standing the profession, may have been 
the regular practice the profession for not less than fifteen years 
before the passage the act. 

Licenses issued should good until revoked the board, but 
should expire the permanent removal the licensee from the State. 

Fourth.—No person should permitted practice civil engineer- 
ing the State without license duly issued the board, and 
methods procedure against violators the law should 
scribed, and appropriate penalties provided; but persons duly 
licensed practice another State, under similar laws, should 
exempted from securing additional license under this act, upon 
filing certified copy such original license with the board. The 
law should not apply members the Engineer Corps the 
Army, civil engineers the Navy, when engaged gov- 
ernmental work, but those engineers should not allowed engage 
private practice without license. 

Fifth.—The board should authorized revoke any license for 
good cause, such immoral unprofessional conduct; substi- 
tute for license higher class one lower class, for good cause 
shown. 

Other requirements and details will necessary and appropriate, 
but time does not allow the writer mention them. 

has been suggested that membership the American Society 
Civil Engineers, other civil engineering societies good standing, 
should qualify engineer practice; and has also been suggested 
that the Society should have voice the examination and licensing 
engineers. The writer would strongly oppose anything this 
character, believing that such functions not come within the 
province the Society, and that should scrupulously avoid any 
entanglement with matters this character. The various societies, 
might, however, very properly participate the adoption inaugu- 
ration this any other measure intended for the good the pro- 
fession, and for the benefit the public. 

conclusion, the writer believes that the subject matter this 
topic such great and far-reaching importance the profession 
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that justifies the appointment committee the Society con- Mr. Whinery. 
sider the matter carefully all its bearings, and report its conclusions 
future meeting. 


Am. Soc. E.—The speaker believes that all Mr. Crowell. 

will agree the desirability regulating engineering practice; but, 

regard the method, would not inclined favor the idea 

licensing different States. should recollected that the func- 
tion engineer partakes more National than State char- 
acter. matters apart from engineering, the disadvantage having 
different State requirements apparent. illustration, 
known that this country troubled its diversity laws different 
States applying the same conditions, éxactly, the citizen. Mar- 
riage and divorce laws and the medical laws are cases point. 
some States, medical practitioner can obtain full certificate 
very slender stock preparation and ability, while other States 
cannot obtain all. anything done toward obtaining 
legislation, should National and not State character; 
and the requirements sketched Mr. Whinery should broad 
general that they could apply equally well engineer who 
went out practice the most important work new territory 
newly formed state one practicing the center civilization. 
The speaker not inclined believe, however, that much 
accomplished that direction the present period; and doubts very 
much whether the time ripe accomplish much through legisla- 
tion. While this Society should not the agent, yet the influence 
which the Society exerts, which becoming greater from year year, 
stamping its members with its approval, will the probable direc- 
tion that the licensing engineers will take. Not that membership 
this body license, any means, because our Constitution 
requires that man shall have practiced number years and become 
engineer before can become member, nevertheless, the fact 
that the public appreciates that this Society has among its members 
only those whom deems fit will perhaps solution the ques- 
tion, and the coming years render whatever legislation necessary 
more easy. 


Am. Soc. E.—To the first question the Mr. Osborn. 
writer would answer, unqualifiedly, ‘‘yes.” would seem though 
the engineering profession much entitled protection the 
professions medicine and law. The responsibility engineer 
certainly great any the other professions, and the stand- 
ing the profession would improved legislation similar that 
present existence for physicians and lawyers. 

Not only the interests the profession and the duty its mem- 
bers the public require this legislation, but the interests the 
public itself demand the protection involved such legislation. 
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The second question much more difficult one answer, and 
one that should thoroughly investigated before attempt made 
answer it. The writer would suggest that committee from the 
Society appointed investigate what has been done other coun- 
tries, and what being done now. After this committee has thor- 
oughly studied the question from every standpoint, they could then 
suggest the Society what action should The matter 
extremely important one, and what done should done carefully 
and after mature consideration. 


the interests the profession, and the duty its members the 
public, require that only those who are competent allowed 
practice Civil there can but one answer. 
obviously the interest both the profession and the public that 
incompetent persons should not allowed practice civil engi- 
neers. The real question is, How are you going exclude them, 
and them and the latter part the question much the more 
difficult answer. 

There are two ways excluding the incompetent: One ‘to 
forbid him practice, and the other designate the competent 
men, many them wish designated, and then let the 
public take its choice. This latter method may not, first, appear 
effective, but affords the public reasonable measure 
protection while largely avoids the danger unjustly debarring any- 
one from securing work that may competent perform. 
must remembered that much more difficult determine 
general way the competence civil engineer than that member 
any the so-called learned professions. This due not only 
the vast field covered civil engineering, which includes all branches 
except military engineering, but also the many subdivisions each 
branch, from designing constructing, and even operating; from 
the purely theoretical the extremely practical; that the engineer 
may scientist business man with large executive functions, 
and has sometimes good deal each. Then, too, asin most 
engineering work, more less extensive organization required 
carry there some qualified direct and plan and others 
who can only work under direction, and who, although subordinate 
positions, may very competent men. 

obvious from this that will extremely difficult define 
exactly the sphere within which any civil engineer may competent, 
and outside which would incompetent, and this such 

manner as, the one hand, avoid injustice the engineer too 
narrow limitation, and, the other hand, avoid misleading the 
public giving the engineer too great latitude. 

Fortunately, engineering exact science, comparatively 
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easy judge engineer’s competence what has already Mr. 


done. But, while may know pretty well what can do, 
cannot pronounce with the same certainty what cannot do, 

and are therefore more likely err attempting define too closely 
the limits his competence. This being the case, would seem 
wiser, any legislative control attempted, for the State 
content itself with certifying the competence the engineer within 
certain limits, without attempting confine his practice within those 
limits. Then, anyone wishes empioy civil engineer for par- 
ticular work, can easily find one who competent for it, while 

wishes take the risk employing who not certified 

not debarred from doing so. carry this plan out practically, 

probably the better way would for the State merely require that 

only those who hold its certificates competency shall employed 

public works any kind, permitted prepare plans which 
require official approval. This would require only slight extension 

the present civil service machinery, and would tend improve the 

engineering service the State and municipalities, while would 

afford additional inducement for competent engineers apply for 

certificates, which important the system command public 

confidence. course, certificates would various grades, and 

each would limited special branch, though one engineer could 

hold certificates more than one branch, and there should pro- 

vision for frequent change grade, especially the lower grades. 

the legislation outlined herein not prohibitory, any difference 
the requirements the different States would work hardship 
inconvenience, provided citizenship actual residence was not made 
condition granting certificate competence. There would 
first, much diversity the requirements the differ- 
ent States, this, trying many different experiments simul- 
taneously, would hasten the final solution, and the experiment could 
commence one State without waiting for the consent all. 
restrictions are imposed, the National government could also work 
along the same lines, while, prohibitory legislation were required, 
would seem beyond the power the national government 
enforce such matter. Certainly, has never attempted any- 
thing the kind, and, fortunately, the plan proposed not 
necessary. 

would seem entirely within the province the American 
Society Civil Engineers recommend the State and National 
governments such legislation may needed carry these sugges- 
tions into effect, and they would certainly tend the advancement 
engineering practice and the maintenance high professional 


standard,” which are among the chief objects for which the Society 
exists. 
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Mr. Hinds. Am. Soc. there should some 
sort recognition, examination and certificate from qualified 
source, giving evidence, far possible, man’s suitableness for 
the practice civil engineering, seems the speaker desirable 
arrangement. 

present, have only the degree granted the engineering 
colleges, and usually the end the course study. 

college education should have its due weight, but experience, 
ability and achievement should the ruling motives. Many men 
have grown into the profession without college opportunities, and 
some them are found among our best engineers. 

there could engineering rating for all men, based upon 
some similar possibly better method than that now adopted the 
admission members this Society, would give added dignity 
and attraction the most noble profession the age, and 
inspiration young men climb higher. 

would hardly have this controlled each State govern- 
ment; nothing less sweeping than the general government the 
United States could properly. controlled each the 
States, there would the same difficulty now encountered with 
regard corporations, each State would have recognize the 
diplomas the other States, some one State would establish low 
standard and pass candidates easily, and, consequence, would 
arushing business; but would lower the standard, and, therefore, 
should national. 

would seem that the American Society Civil Engineers has the 
ability, and very proper source from which such plan might 
emanate. 

fully protected, has been suggested, will necessary have 
periodical examinations define the grade work for which each 
engineer may competent. 

The speaker sees nothing gained the passage this reso- 
lution. must define what constitutes engineer. the Tred- 
gold rule applied, certain members this Society will excluded 
who are highly scientific men, well others who cannot thus 
classed. Civil service examinations are protection the matter 


public works. Promoters private. works rarely neglect 


tain the qualifications engineer before engaging him. certifi- 
cate license practice would not accepted without investigation 
competency. 

Mr. Wallace. Past-President, Am. Soc. E.—The proposition 
seems impracticable. The inability get uniform regulations the 
different States, and, above all, the difference the degree our pro- 
fessional qualifications and the requirements, make so. The law 
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and the principles law are well understood. Lawyers can Mr. Wallace. 
licensed; ministers the gospel can licensed their denomina- 

tions, because all that required that they will subscribe certain 

tenets and have general education. Men the trades can 

licensed. But engineers, the qualities that underlie the suc- 

cessful engineer, and the character his work are varied, and our 
profession demands such variety talent, that the speaker does not 

see that practicable accomplish our object such license. 

desired engage civil engineer for particular piece 

work, would not enough employ one who simply had license 
follow the profession engineering. would necessary 
know the characteristics the man, and whether was adapted for 

particular work hand. does not seem that the man, the 
corporation, requiring particular qualifications for particular place, 

would assisted license system. 

Epwarp Am. Soc. E.—Our friend Mark Twain, Mr. Bond. 
discussing the question who should allowed practice medi- 
cine, said, relative the proposed prohibition the practice cer- 
tain kinds treatment, certain Swedish movements, that 
never had had any inclination treated that way until this dis- 
cussion cameup. When found that could not treated that way 
wanted treated that way. Now, regard the case the 
civil engineer, questionable whether wise try secure 
legal formalities keep certain men from attempting practice 
that profession. our country when keen business man 
need engineer for any particular service, one, looks 
him the eye, weighs him up, and less than seven minutes 
knows whether wants that man not. does not care whether 
that man has license practice the profession civil engineering; 
but judges him looking into his eye, talking with him 
and finding out what his experience has been, and with that 
satisfied, and pretty sure that not going make mistake. 
What would man do, for instance, going New York and being 
called, let say, into the office Mr. Harriman the Union 

you suppose could pull the wool over Mr. Harriman’s eyes 
and launched the designing some railroad other large 
engineering work which would make utter failure? does 
not appear probable. That being the case, the speaker’s opinion 
that had better let the young men on. they can get job 
land surveying, let them have it. they can step from that the 
designing dam bridge, let them it, and that way they 
are inspired study, not necessarily school, perhaps—all the 


such means learning they can, and then through that element 
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Americanism which all have, more less, while they are work 
they are studying that work night, and that way improving their 
condition, feeling that they are free practice they get the oppor- 
tunity practice. 

Assoc. Am. Soc. E.—The speaker does not 
know the existence any examining board France rate civil 
engineers. They are rated the special school from which they 
come. come from Polytechnique, they find their way 
into the army, navy, railway and other great administrations. 
they come from Centrale des Arts Manufactures, they are 
known efficient all branches engineering, and are much 
sought after. 

L’Ecole des Ponts out engineers who have 
charge roads, aqueducts, tunneling and other great enterprises. 
and Dupuit, who wrote water supplies, came from this 
school. des Mines fits men for mining operations. Lower 
down des Arts Métiers, which turns out mechanical 
engineers, 

may said, therefore, that Franceit the school that stamps 
the man. 
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FoR 
Steel-Concrete Construction. 


What stress tension and compression should allowed concrete 
What the proper modulus elasticity concrete 
What should the ratio steel section concrete section, 
and what the best form and disposition the former 
What consideration should given temperature changes 
and consequent stresses 


What are the best proportions for concrete, and what the 
best method placing 


Am. Soc. E.—There are still doubts some Mr. Buck, 
quarters, not only reputable but excellent professionally, the 
thorough soundness steel-concrete construction for arch bridges. 
The extent which there just cause for such doubts, and 
whether not the cause can removed revision practice, 
hoped this discussion will assist disclosing. The speaker himself 
does not hope contribute more than the suggestion few points, 


The discussion this subject, for which formal was presented, printed 
Proceedings order that the views expressed may 


ought before all members 


Society for further discussion. (See Rules for Publication, Proceedings, Vol. xxv, 


Communications this subject received prior September 28th, 1901, will 


printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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which, his limited experience with the system, struck him being 
need discussion and elucidation. 

Steel-concrete construction arches has, both Europe and 
this country, passed from the experimental stage that general 
practical use. 

Although there still lacking the crucial test time, the large 
number these bridges now service seems satisfactory, and there 
appear reports failure attributable any inherent weakness 
the system, despite some remarkably bold dealings with it. 

If, now appears reasonably certain, the system not only here 
stay, but having its field application steadily enlarged, 
surprising that there are not more working data the subject, 
certain scientific origin, place the variable rule-of-thumb 
methods which seem now govern American practice. 

European engineers have given the subject much more careful 
study, and have conducted some very elaborate experiments settle 
certain points. But the results these experiments have reached 
here only very general terms, else are buried unfamiliar for- 
eign publications, from which they have not yet been mined. That 
there enough the records European practice, investigation and 
experiment frame complete, reliable scientific code procedure 
for this system, doubtful; but there can doubt that they would 
contribute largely this end. 

Mr. von Emperger, April 4th, 1894, read paper entitled 
Development and Recent Improvement Concrete-Iron High- 
way Bridges.”* This was, perhaps, the first general introduction the 
subject this country, and with the exception Ed- 
win Thacher, Am. Soc. E., the Paterson Bridge, this remains, 
far the speaker knows, the only attempt analytical treatment 
the system indulged this country. Mr. von paper 
lacks many things render scientific practical value, and 
was evidently intended rather awaken interest the possibilities 
the system than assist establishing any laws whereby these 
possibilities could confidently attained. made known generally 
the fact that the Austrian Society Engineers and Architects had 
conducted elaborate and doubtless valuable series experiments 
metal-concrete arches, and stated that report would made 
the same, probably early date. But this report has not, the 
speaker’s knowledge, either whole part, been published 
English. would most contribution our fund 
knowledge the report were published, and the same supple- 
mented discussion and experiment along the lines American 
practice. 


Transactions, Am. Soc. E., Vol. xxxi, 438. 
Engineering News, Sept. 1st, 1899. 
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previously stated, there great deal Mr. Buck. 
about American practice this system, and its general acceptance 
cannot well come until such methods are replaced others care- 
fully grounded those governing the use steel. 

The engineers this country have been slow taking this 
system, probably unduly when its value fairly considered. Its 
development has been largely the hands contractors and con- 
tracting engineers, with whom vital point has been bring 
competition with all-steel construction. this, the speaker inclines 
think, there has been rather unfortunate disposition reduce 
the cost unduly the sacrifice certainty, stability and dura- 
bility. not possible steel-concrete arch that 
will compare cost with all-steel bridge and the same time 
furnish the desired characteristics reasonably looked for 
masonry arch. 

The steel-concrete bridge possesses sufficient merits, the 
believes, when designed conservative lines, often reduce the 
question first cost minor position; and when cannot this 
good form bridge let alone. 

The combination concrete and steel unquestionably one 
great mutual benefit, especially the concrete, but very ques- 
tionable, the speaker’s mind, this general proposition warrants 
the high unit stresses allowed the strength certain combi- 
nations. 

steel 000 lbs. per square inch; 500 lbs. per square inch com- 
pression concrete, without allowance for temperature, which may 
become 000 lbs. per square inch under the same rules for fixing sec- 
tions where reasonable allowance for temperature made; 100 
lbs. per square inch tension concrete without consideration 
temperature, and which, considering temperature, may become 200 
lbs. per square inch; are allowances that may appear meet 
demands, but, the speaker believes, are hardly justifiable. 

The freak bridges built for experimental purposes for pedestrian 
Europe, some which Mr. von Emperger mentions his 
paper, and the fact that these have stood the test few years, seem 
warrant too much imposition the system. 

arch 132 ft. span, ft. rise and in. crown thickness (one 
those mentioned Mr. von Emperger, and claimed him 
designed for load 200 per square foot) would seem justify 
much, but until the speaker sees the 200 per square foot safely 
applied, and the test years service, will not count such con- 
struction, even remote approach it, good. Yet not 
improbable that European practice such cases this have some 
extent influenced American practice, and measure justified thin- 
ning down sections when other justification was lacking. The differ- 
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Mr. Buck. ence between experiment and practice, and different kinds service, 


demand very careful consideration. Concrete, despite its versatility 
and endurance, cannot relied upon with the same confidence 
steel, any more than can any other form masonry, especially where 
tension dealt with. 

knowledge the action concrete conjunction with steel, 
arches elsewhere, that there such large variation opinion 
the correct modulus elasticity concrete. This ranges from 
700 000 over This difference course largely due 
the variation composition the concrete experimented with, but 
there should not such difference the concrete suitable for arch 
rings—say Portland cement concrete proportions 1:2}:5. The 
modulus elasticity such concrete, within narrow limits, can and 
should established much more definitely. 

Directly contingent upon this modulus the correct proportion 
concrete steel capable taking calculable stresses the arch 
ring, and fact the entire theory arch-stress calculation. 

However, the correct combination concrete and steel probably 
quite much dependent upon the thorough bonding the two 
order secure unity action upon the capacity the steel 
pick and carry the abutments specific amount stress. 

The correct function the steel rather insure thorough 
distribution the strain the concrete, and prevent undue con- 
centration strain and consequent rupture some point where there 
element weakness akin nick other fiaw steel bar. 

The steel should disposed bond the concrete three 
directions, parallel approximately the axis normal 
the soffit, and transversely normal the axial plane the ring; 
and proportioned each direction meet all possible demands 
upon it. Further, the units into which the steel divided should 
such insure its reaching all parts the concrete with its influence. 

this respect the Monier system, while apparently lacks the 
steel bonding normal the soffit the ring, possesses the advantage 
fine division and thorough dissemination and bonding the other 
two directions. The Melan system, with steel bonds 
essentially normal and parallel the intrados, but not transversely. 
The units steel this system are large, and the dissemination 
through the concrete not thorough the 
fact, may fairly questioned whether this sufficient bring all 
the concrete properly within the range influence the steel. 

The Thacher system, originally adopted, comprising steel 
the shape flat bars parallel the intrados and extrados the 
ring, bonded the concrete only one direction; being assumed that 
the steel could best service flanges these lines, and that 
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other bonding was This system susceptible ready Mr. Buck. 


modification which will secure bonding all these directions, and 
the reduction size and multiplication number units practi- 
cally limited the space necessary for laying the concrete. 

The treatment temperature stresses, least their non-treat- 
ment, rather anomalous condition found dealing with 
concrete-steel arches. 

Mathematically calculated clearly established proper lines, even 
with limited range about 30° Fahr., the resulting temperature 
stresses are decidedly startling, especially flat arches. Although 
the correctness the mathematical results not questioned, 
often deemed expedient and safe ignore them. The justification for 
this seems that the presence the steel will prevent serious 
results crack should occur, and that many arches subjected 
heavy temperature stresses stand without manifesting weakness. This 
reasoning convenient, but hardly scientific This feature 
the system, perhaps more than any other, need thorough 
discussion. 

The question ingredients and the degree wetness the 
concrete the arch ring very general one, but much import- 
ance, and well worth discussion here. 

Another point importance the method laying continuous 
rings from abutment abutment large voussoirs. There now 
clear-cut difference opinion this point, which also well worth 
discussion. 

Aside from the question the correct theory governing the 
sections and proportions steel-concrete arch, the speaker inclines 
the opinion that there much room for improvement the prac- 
tical details construction American practice. Strength center- 
ing and precautions against sinking; uniformity and sufficiency 
ramming; careful bonding fresh and set concrete, and care secur- 
ing monolithic construction; care securing actual contact and 
adhesion between the concrete and the steel, are all points wherein 
practice can materially improved. Ramming perhaps one the 
weakest points steel-concrete construction, but the speaker looks 
with reviving hope the pneumatic rammer which has recently been 
put upon the market. Some information performance would 
most welcome, and hard believe that will not 
immense improvement the machine now use, the cardinal prin- 
ciple which seems make little impression the concrete 
possible without loss its job. 


Tensile and Compressive the usual proportions Port- 
land cement concrete and careful manipulation 
making the concrete, maximum compressive stress 500 per 
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Mr. Moisseiff. square inch and maximum tensile stress per square inch 


may allowed beams and arches. study great number 
tests made the United States, well Europe, will show that 
these values are well within the limits good engineering. Itshould 
understood, however, that the greatest allowable unit stresses are 
really meant the maximum stresses which will occur any sec- 
tion the structure under any vertical horizontal load, other 
agency that can reasonably expected act the same. For 
arches, stresses due variations temperature displacements 
abutments should treated secondary stresses, their amounts 
should determined, and they should provided for within the 
greatest allowable unit stresses. Then only will the fixing some 
limit unit stress have definite meaning. The secondary stresses 
will vary greatly with the proportions the arches. Generally, the 
the arch, the greater will the effects temperature and set- 
tling; and for the flat arches the secondaries will show unexpectedly 
high values. Only adding the secondary the so-called primary 
stresses due external loads can the maximum stresses acting any 
part the structure determined. For the stresses found, the 
structure should proportioned using the fixed maximum unit 
stress. 

The purpose the structure should also taken into considera- 
tion. light structure may used for highway bridge, with its 
light loads, but railroad bridge, with its heavy impact, requires 
mass, addition strength, absorb the vibrations rapidly 
moving trains. This may sometimes lead greater thickness arch 
than would absolutely made necessary the allowable unit 
stresses. Such increased thickness represents material well placed. 

Modulus Elasticity modulus elasticity con- 
crete not reinforced steel must known order determine the 
secondary stresses. The basis all formulas graphical methods 
used determine these stresses must the elastic theory arches. 
The famous tests made the Austrian Society Engineers and 
Architects have definitely proved that the elastic theory holds true 
for concrete arches well for any other kind arches. This neces- 
sarily introduces the elastic behavior the material, and with the 
modulus elasticity, into the determination all stresses. But, 
whether the elastic theory the static assumptions are used for find- 
ing the main stresses, the modulus elasticity must known, 
order determine the stresses due displacements and changes 
temperature and volume. 

For steel-concrete construction, the value the modulus the 
concrete prime importance. these constructions, the 
form wire, bars shapes imbedded concrete matrix, forming, 
the adhesion the two constituents, practically new material. 
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have clear understanding the stresses such combination, 
the elastic behavior the constituent parts under any stress must 
thoroughly known. The modulus elasticity represents the recip- 
rocal the elongation per unit stress and unit length, and its value 
indicates the story the behayior the material. fact, the theory 
composite structures, has been applied steel-concrete, 
directly dependent the values the moduli elasticity the two 
materials. 

has been shown wide range experiments, especially 
those made Professor Bach, the Royal Testing Laboratory 
Stuttgart, that Hooke’s law the proportionality between stress and 
deformation does not hold true. very nearly true for steel and 
wrought iron, but for concrete the curve elongations has pro- 
nounced curvature, showing that the elongation increases higher 
degree than the stress. The modulus elasticity Portland cement 


Mr. Moisseiff. 


concrete then variable, decreasing with the increase unit stress. 


This characteristic the elastic behavior concrete importance 
steel-concrete construction. evident that the more the concrete 
elongates per unit stress, the modulus the steel being 
practically constant, the more stress will carried the steel. 

When the theory composite structures was first applied steel- 
concrete Professor Melan assumed the modulus elasticity 
Portland cement concrete 710 000 lbs. per square inch. This 
about one-fortieth the modulus steel. This means that 
the steel will forty times the stress the surrounding concrete. 
But, even then, the steel will only stressed tension 
per square inch. This certainly small value 
for the tensile stress steel. Since that time has been found that the 
value 700 000 lbs. for concrete far below its actual value, and 
recent years prominent engineers this country have used 
000 lbs. This gives ratio According this assump- 
tion, the work the steel reduced half. 

great number tests shows that the modulus 
elasticity for Portland cement concrete made the proportions be- 
tween 1:2:4and1:3:5 from 3500000 lbs. This 
makes the modulus concrete one-tenth one-eighth that steel. 
This new value the modulus for steel-concrete further reduces the 
proportion the work done the steel. 

The question then arises, not pay too much for the little 
the steel does? This seems beso, according the accepted theory, 
but, fortunately, practice here more correct than theory; fact, too 
much should not have been expected theory based pure 
assumptions. The observations made numerous steel-concrete 
beams and arches show that the concrete stressed considerably 
beyond any reasonable stress, otherwise the steel doing much 
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Mr. more than attributed the composite-structure theory. 
Only great number careful experiments steel-concrete combi- 
nations, conditions near possible those met actual prac- 
tice, can furnish reliable and sufficient data which base 
adequate theory. 

series careful experiments the influence imbedded metal 
the properties mortar and concrete was made 1898 the 
eminent French engineer, Considére, the laboratory the Ecole 
des Ponts Chaussées. These tests have shown remarkable results. 
They have proved that concrete combination with steel able 
elongate considerably more, without impairing its resisting value, than 
not reinforced steel. The same phenomenon has been observed 
the experiments made the same time for the bridge Mans, 
France, the Chief Engineer, Harel Noé. This also con- 
firmed observations made arches and computations made 
observed deflections. out place here give this interesting 
subject more space. 

The writer work paper, presented the Society 
early date, The Theory Steel-Concrete Structures,” and 
this discussion merely brief abstract its main features. What- 
ever the explanation the different behavior concrete when rein- 
forced steel from that when not reinforced, certain that the 
theory concrete structures needs revision. Formulas based the 
actual behavior concrete and steel combination should de- 

duced. These formulas will have account rationally for the rela- 

tive work done the two materials. They will have furnish means 
evaluate the capacity the steel and give the right proportion 
steel concrete. 

Ratio Steel Section Concrete Section.—From the foregoing discus- 
sion will seen that ratio steel section concrete 
can fixed. From some tentative computations, the results seem 
require the section the steel between 1.5% that 
concrete. The steel should well distributed the concrete 
possible, reaching the greater part the layers, and thus in- 
creasing the strengthening effect. should not nearer the sur- 
face than ins., and should disposed allow easy and 
efficient tamping. should well tied together vertically and lat- 
erally, only with very light members. 

Temperature Changes and Consequent Stresses.—No stresses are 
certain take place are the stresses due changes temperature 
and displacement abutments. The experience French and 
German engineers, who have built numerous masonry arches, has been 
such lead them the use hinges. Whileit may disputed 
question whether not hinges should used steel-concrete 
arches, certain that temperature stresses must taken care of. 
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has been the writer’s experience calculating temperature Mr. Moisseiff. 
stresses concrete arches, and known him the experi- 
ence other engineers who have calculated the same, that the thermal 
stresses reach high values, even for small ranges temperature. 
quite difficult determine what range variation temper- 
ature should allowed for. mass masonry will certainly not 
change its temperature very rapidly, and its range temperature will 
not exceed the range between mean cold and mean warm weather. 
range 40° Fahr. would probably sufficient provide for. 


Even this low range will cause thermal stresses high enough require 
careful consideration. 


Am. Soc. E.— One statement Mr. Buck, Mr. Worcester. 
correctly understood, that there could comparison between 
the cost steel-concrete bridges and steel bridges, seems the 
speaker true only when one factor, that is, the cost the abut- 
ments for the steel bridges, left out consideration. 

The speaker’s experience is, that, the case highway bridge 
moderate span, comparison between steel-concrete bridge and one 
steel with buckle-plate floor filled top, will show that the steel- 
concrete bridge considerably cheaper; and that where good 
foundations are easily obtained, the total cost bridge and abut- 
ments included the comparison, there fair chance for steel- 
concrete construction compete with all-steel. 


Henry Assoc. Am. Soc. E.—It seems now gen- Mr. Jacoby. 
erally conceded that the theory elasticity should applied 
designing steel-concrete and other masonry arches. While has 
been customary assume the moment inertia the cross-section 
vary the secant the angle inclination the axis para- 
bolic arches, order simplify the determination the horizontal 
thrust, investigation the relative effect the design caused 
this approximation has been published. may, therefore, in- 
terest call attention the fact that some recent investigations show 
that the differences between the areas cross-section obtained when 
the moment inertia assumed vary accordance with the law 
previously mentioned and those obtained when its true variation 
considered are small that they may safely neglected any de- 
sign. the the labor involved making the designs 
great, itis gratifying that the simpler method gives results which 
answer every practical purpose. 

regard the amount steel required, the speaker favors the 
plan adopted Mr. Thacher, use enough steel resist the 
bending moments, and let the concrete take the axial thrusts and 
the shear. 

Attention also called the desirability making some system- 
atic observations the deflections existing steel-concrete arches 
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those who may conveniently located with respect the larger 
arches this country, such observations extend throughout 
least one entire year, that definite data regarding their be- 
havior under changes temperature and live loading may 
available. 


Wason, Assoc. Am. Soc. E.—The speaker has 
devoted his whole time for nearly eight years the Ransome system 
steel-concrete construction, and, fire-proof floors, the maxi- 
mum stress steel and concrete with minimum weight necessary, 
especial attention has been given the stresses tension and 
compression, the ratio the steel section the concrete section, 
and the proportions cement and aggregates used. What follows 
the result personal experience, and, with the exception the 
tests the Watertown Arsenal, none the data has ever appeared 
print before. 

Last winter the speaker made fourteen concrete beams for student 
test thesis work the Massachusetts Institute Technology. 
The object the tests was determine accurately the strength the 
combination, the position the neutral axis the beams, the maxi- 
mum deflection the first crack, and see the concrete cracked 
before the steel had reached its elastic limit. All beams were ft. 
long, ins. wide, and ins. high, and were made follows: 


Beam. Construction. 

Plain concrete. 

With bar the bottom. 

10th.... twolj-in. and one }-in. bar the top. 

These were like Beams respectively, except that, 
12th. addition, fourteen U’s steel were imbedded the 
beams, passing under the bars, and the ends projecting 
above the top each beam. 


All bars were put straight, with the center from the top 
bottom face the beam. Many interesting facts were learned 
these tests, but only such relate the subject hand will 
mentioned. 

The component parts the specimens were tested. The concrete 
all cases consisted one part measure Portland cement, three 
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parts Plum Island beach sand, and six parts broken stone. The Mr. Wason. 
sand was perfectly clean; practically all passed through 20-mesh sieve 
and was retained 30-mesh sieve; the grains, however, were round 
and smooth. The stone was dark-blue trap; the pieces were cubical 
and the fractures angular. Four parts passed 1}-in. ring, two parts 
ring. The steel was mild quality, square section, and 
was twisted cold until the edges made angle 20° with the axis 
the bar. The cement was tested neat, and mortar. 
developed nearly full strength two weeks, that there was but 
little increase strength between and days. Inthe neat cement 
test, age days, the average five tension briquettes was 924 lbs.; 
per square inch; highest, lbs. Mortar tension, age days, 
average four, 265 lbs.; the highest, 288 lbs. Mortar taken from con- 
crete mixed workmen, age days, average seventeen, 307 
highest, 368 Ibs. Mortar workmen, compression, age days, 
average seven, 630 highest, 500 Ibs. 
concrete prism ins. was also tested, and developed 
strength 455 lbs. per square inch compression. cube 
stone failed 000 per square inch. Some cubes slightly 
larger size resisted the full power the testing machine, and success- 
fully withstood repeated stress 000 both with and across the 
grain. 

The average ultimate strength tension the steel bars all 
sizes used was 330 Ibs. per square inch, the highest being the 
bars which carried lbs. The average modulus elasticity 
was The elastic limit averaged the ultimate 
strength. 

The average weight the concrete the beams was 148.7 per 
foot. The series was made that the first specimen was quite 
weak tension and the others were reinforced with steel until there 
was strength the tension side, when the compressive 
portion was reinforced with steel assist its resistance com- 
pression. The beams were all made wooden forms inside the build- 
ing, and left undisturbed until the time these tests, which varied 

The method used (Fig. Plate was rest the ends 
small iron plates the knife-edges the testing machine, witha clear 
span ft. Blocks were laid top the specimen, dividing the 
span into three equal parts, and was placed these 
and the load applied through it. Thus uniform moment 
was obtained between the two blocks. Yokes, ins. apart, were 
attached rigidly the middle portion the beam, and micrometer 
readings were taken the top and bottom the beam was loaded. 
Assuming the plane the yokes plane, after the load was 
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Mr. Wason. applied, can find the position the neutral axis follows 
(see Fig. 1): 
similar triangles: 

the neutral axis from the bottom the beam, the compression 
the top, and the elongation the bottom. Clamps were attached 
the beam over the supports, and fine piano wire was hung over these 
either side the beam, and, means micrometers attached 
each side the beam the center, the deflection could determined. 

The plain concrete beam failed under concentrated load 500 
Ibs. the center. Adding this half the weight the beam, 
namely, 600 and solving the usual beam formula, the outside 
fiber stress found 533 Ibs. per square inch. The beam con- 
taining the }-in. bar failed load. The bar pulled two. 
assumed that the bar was stressed its limit, the concrete still 
had carry 381 the square inch tension, concrete beam. 
The beam containing the bar 
carried greater load than was possi- 
ble the bar was required carry the 
entire tensional stress. The bar pulled 
intwo. itis assumed that the bar 
was loaded its ultimate strength, the 
concrete, beam, must still have sup- 
ported part the load, and the outside 
fiber stress would 303 per square 
inch. Similarly, the case the bar, the concrete must carry 
462 lbs. per square inch tension. The and bars were 
capable carrying the entire load coming the beam containing 
them. The beam containing the bar was accidentally cracked 
two vertically the middle handling before putting into 
the machine, and carried 000 less concentrated the center 
than the beam containing the bar. excess 
strength the tension side, there was gain the use 
bar, and is, therefore, safe consider that the falling off 
strength was due the cracking the concrete. this assump- 
tion, the concrete the beam with the bar carried stress 
516 lbs. per square inch. the same way, the beam containing two 
bars can compared with the beam containing two 1-in. 
which wag accidentally cracked two vertically the middle; the 
ultimate strength the former being 000 Ibs. concentrated the 
center, and the latter 20000 lbs. The Ibs. concentrated 
the center would have carried the concrete beam, and 
this would produce outside fiber stress tension 516 lbs. per 


Therefore, being the height the beam, the height 
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square inch, the previous case. The average the foregoing Mr. Wason. 


results maximum outside fiber stress tension would 466 lbs. 
per square inch. 

The neutral axis was determined for each beam, and the total com- 
pression above the neutral axis was calculated. This, 
some cases, was easily done. With the bar, age days, the 
maximum outside compressive stress was 916 lbs. per square inch; 
bar, age days, 3161 bar, age days, 544 lbs.; 
bar, age days, 338 and two 1}-in. bars, age days, 
2975 lbs.; the average these being 787 Ibs. per square inch. 
The beam containing two bars (Fig. Plate XVIII), age 
days, was cracked two the middle from top bottom handling, 
therefore the entire tension must have been carried the steel and 
the entire compression was the concrete. The neutral axis this 
case was 10.2 ins. from the bottom, and this gave maximum outside 
fiber stress 588 lbs., which very exceptional; yet, account 
being cracked two, the stresses were more easily analyzed, and the 
result correct. 

case did beam crack before the steel had reached its elastic 
limit. The average deflection ft. for twelve beams was 0.47 
in., and the maximum was 0.76 in. when the first crack appeared. 
Every fracture was free from air holes, and showed dense, evenly- 
mixed concrete. many cases the stone sheared two without pull- 
ing from the mortar. 

The formula used the speaker for calculating concrete beams is: 

where the total load pounds, the span inches, the depth 
inches from the top the center the bar, and the total fiber 
stress the steel. was deduced years ago. 
The proof follows: 


Assume the fundamental condition absolutely perfect 
union between the steel and the concrete within the limits the 
working strength the combination. Assume that the steel takes the 
entire tensile stress, and the concrete the entire compressive stress. 
The concrete below the bar for the purpose holding place. 
While the concrete below the neutral axis certainly tension, 
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Mr. Wason. 


not considered the computation. Assume the neutral axis half way 
between the center the bar and the top the beam. The center 
pressure the compressive area two-thirds the height from 
the neutral axis the top, and the distance between this point and 
the center the bar five-sixths the depth. This-is the arm ofthe 
moment internal forces, which Fora uniformly distributed 


moment the external force would Equatiug the two 


and solving for get the formula, 

After solving and finding the total stress the bar, size and 
spacing can selected which convenient, and the area concrete 
can adjusted resist the compression. The unit which the speaker 
has used, 000 Ibs. per square inch tension steel, and for 
mixture concrete, 1:3:6, average 500 lbs. per square inch 
compression concrete, requires sq. ins. concrete the upper 
third the beam for each square inch steel. 

good many pieces actual work have been loaded with three 
times calculated amount, and have shown sign failure 
whatsoever; therefore, structures calculated this way are safe. The 


tested the Massachusetts Institute Technology carried 


times the load they were calculated carry, according 
the foregoing formula. these tests, with all bars ins. from 
the bottom, the neutral axis would ins. from the bottom. 
result measurements twelve beams, although there was consid- 
erable variation the position the neutral axis, the highest being 
10.2 ins., the lowest 4.74 ins., the average was 7.06 ins., sufficiently 
near check the assumption made the formula. This ex- 
tremely simple formula for every-day use, and while may not con- 
form profound theory, certuinly gives safe results the design 
steel-concrete structures. The speaker believes this formula can 
used for any composite construction within the safe limit the bond 
union between the steel and the concrete. 

Some experiments the bond twisted steel have been made, 
follows: bars were imbedded blocks concrete ins. 
square and which varied length from 28ins. The bars pro- 
jected about ft. from one end the blocks. One face the con- 
crete bore against plate, the bar passing through hole its center. 


direct pull was applied the bar, andin each case, when the 


exceeded ins., the bar broke outside the concrete without pulling 
therefrom. these cases the ultimate stress the steel averaged 


835 Ibs. per square inch. From the data thus obtained possible 


determine the exact length for bars other sizes, and when this 
limit exceeded there danger whatever the bars drawing, 
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and therefore the formula can applied. 000 Ibs. the working Mr. Wason. 
stress the bar, only necessary imbed one-fifth the dis- 

tance above determined order get the safe working bond required 

the formula. 

This formula can applied proportion the section steel 
bridge. After determining the bending moment the usual way, 
insert this the formula, and use for the depth the distance from the 
center the bar the other face the arch; then solve, and the size 
the bar which will resist this found. other stresses, 
such temperature, are reduced the proper form, the steel can 
proportioned the same way 
resist these stresses. 

The neutral axis for each beam 
was computed from theoretical 
grounds, follows: 

Leth beam; 

from the bottom; 


rod from bottom beam; 
strain one unit distance from origin; 


steel 
Beam with one rod the bottom: 


c c 

c Y¥o—c—d c Yo—ce—a 
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Two rods the bottom: 


Assuming the modulus elasticity for concrete 000 000 
and for steel 000 000, the neutral axis was lower 
every case than the observed, the average height being 4.77 ins. 
from the bottom. Assuming the modulus 500 000, the 
average height the neutral axis, the foregoing 
formula, was 5.37 ins. from the bottom. These results differ too 
much from the observed reconciled with one another, and there- 
fore the assumptions made the deduction the formula not agree 
with practice. 

Curves were plotted for each beam, using the deflections ordi- 
nates and the bending moments abscissas, and every case 
curve was obtained. The curve, however, rule, was quite flat. 
Nevertheless, the fact that was curve proves that Hooke’s Law 
does not apply exactly composite beam this type. 

Five years ago the speaker had contract, the Fall River Public 
Library, which was necessary bring load Ibs. 
upon pier concrete ins. square, and not being able find any 
printed data tests large specimens, made series experi- 
ments* the Watertown Arsenal piers ft. square and varying 
length from There were three series. the first used 
all hand-mixed concrete, the proportion given above for 
beams, and practically the same quality. The second series was 
exactly similar, except that the concrete was machine-mixed; the third 
series was leaner mixtures. 

The specimens were all mixed the open air midwinter, and 
filled into vertical moulds, open building without heat, and were 
allowed freeze and thaw, according the weather, until tested, 
age from days. the opinion the speaker, from 
observation and research, that had these specimens been made 
midsummer and tested the same age, they would have developed 
about twice the ultimate strength recorded below. The longest speci- 
mens were tested first, and were put into the Emery machine 
horizontal position. The counterweight hung from the center did 
not balance the weight the specimens themselves, that there 
was bending moment producing outside fiber stress 
per square inch. Nevertheless, every specimen failed direct 
compression, the longest ones showing the greatest strength, although 
they did not have long time set the short specimens. The 
average the hand-mixed series was 989 lbs. per square inch; the 


full report these tests, see the Report the Watertown Arsenal for the 
1897, Tests Metals and Other Materials for Industrial pp. 
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machine-mixed, 098 per square inch, advantage Mr. Wason. 
favor machine-mixing. 

Readings the compression were taken all beams ft. and 
more length, some with repeated stress, some with long lapse 
time between stresses, and many interesting points were learned. 
For instance, load 800 Ibs. was put the 12-ft. column, No. 8763, 
and the compression measured immediately. After lapse 
minutes the beam had regained small portion its compression. 
The same was true the 14-ft. column, No. 8759. With the 10-ft. col- 
umn, No. 8766, exactly the reverse took place. The initial load 
every case was 100 lbs. per square inch, and was increased 
increments until the elastic limit was reached. The instruments were 
then removed and the specimens broken. After each application 
load, was removed, and the specimens regained their entire compres- 
sion 500 per square inch most cases, and above this point 
regained over two-thirds the amount they were compressed, showing 
the material quite resilient. 

Curves were plotted with the compressions ordinates and the 
loads per square inch abscissas, and these were quite flat, but still 
sufficiently curved show that Hooke’s Law does not apply closely, 
except within the limit 700 lbs. per this load the 
modulus elasticity for hand-mixed concrete was for 
average ten tests; machine-mixed concrete was 870 000 for 
average ten tests. The highest result all obtained was 
The third series, all machine-mixed, was made with speci- 
and stone, the crushing strength being 166 lbs. per square inch; 
second, 1:4:8 mixture, crushing strength 849 lbs. per square inch; 
third, 1:5:10, crushing strength 728 lbs. per square inch; fourth, 
1:6:12, crushing strength 483 lbs. per square inch; fifth, crush- 
ing strength 432 lbs. per square inch. curve was plotted for these, 
using for ordinates ratio the volume cement the volume 
concrete, and for abscissas pounds per square inch, and was found 
that the points could represented straight Jine, thus showing 
that, within these limits, the strength the concrete directly pro- 
portional the amount cement 

Another test the relative strength hand and machine-mixed 
concrete might mentioned. contractor got into argument with 
the supervising engineer piece work over the quality con- 
crete mixed certain type concrete mixer. This was settled 
1-ft. cubes made the Watertown Arsenal. The concrete 
was composed part Giant cement, parts sand direct from 
the bank, and parts broken stone passing ring, with all 
material passing ring screened out. The specimens were tested 
days. The machine-mixed specimens averaged 263 per 
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square inch; the hand-mixed, which were little better quality than 
obtained every-day practice, averaged 187 lbs. per square 
question was the Portable Gravity Concrete Mixer. 

The speaker also made groined vault which was near possible 
eighth-scale model room ft. ins. ft. ins., the speci- 
men being ins. long and ins. wide. Arch ribs sprung diagonally 
from one corner the other with rise one-tenth the span. The 
arch vault sprung between them with rise equal that the ribs 
the center. The ribs were in. wide and ins. deep, the vaults. 
thick. The concrete was composed part cement, parts 
sand and parts stone grit. load was applied eight points near 
the crown, four the ribs and four the vault, and the specimen 


carried 605 before failing. 


All the foregoing figures would indicate that somewhat higher 
working stress can used concrete than has been customary. The 
speaker, his practice, has been the habit using for 1:3:6 con- 
crete (his standard), 500 lbs. per square inch compression, 
per square inch tension, and ratio steel area concrete area 
32, using 000 lbs. the stress steel. While the foregoing 
experiments would indicate that still higher pressures are possible 
with safety, the speaker does not recommend any increase until these 
results have been checked other experimenters. With the rapid 
increase the quality and uniformity Portland cement, believes. 
that short time will possible use larger unit stresses than 
are now customary; leaner mixtures, with the present unit stresses, 
without any danger whatever exceeding safe limits strength. 


Assoc. Am. Soc. E.—While steel and concrete 
have been used combination for hundreds years, the real scientific 
genesis steel-concrete construction comparatively recent, and 
much experimental work yet remains done before the subject 
fully understood. This work being rapidly prosecuted, however, 
especially abroad, and will probably not long before the science 
fully developed. will then have our steel-concrete engineers 
now have our bridge engineers. 

far the speaker has been able discover, the first man use 
these materials scientific manner, the metal being imbedded 
the lower, tension, side the concrete, was Ward, who 
1875 constructed building Port Chester, Y.,* which 
only all the external and internal walls, cornices and towers were con- 
structed (the word concrete was not then use), but all 
the beams and roofs were exclusively made béton, reinforced with 
light iron beams and rods.” 

1869 Francois Coignet, Paris, took out letters patent 


Transactions, Am. Soc. Mech. Engrs., Vol. iv, 388. 
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combination béton and iron rods, but had conception the Mr. Johnson. 


proper methods using the materials. Neither had Monier, who, 
1876, built some flower-pots béton and wire. used the iron 
merely webbing, which was preferably placed the neutral axis 
the slab. For circular tanks such constructions placed the 
whole cross-section tension this was not improper method, but 
was, course, value resisting bending stress. 

Ward, however, had the real scientific idea, and built rods into the 
lower side his concrete beams and floor joists much done 
to-day. had formulas guide him, but relied upon his 
judgment. 

the following year, 1876, Thaddeus Hyatt, England (recently 
deceased), began some experimental work concrete and metal con- 
struction, his tests being made Kirkaldy, and 1877 published 
book giving the results his experiments. The tests were inter- 
esting and much value the development the science. 

Perhaps the first approximately correct formulas for the strength 
this class construction were derived Julius Mandl, Ger- 
many, the method least work, and about the same time, this 
country, Johnson, Am. Soc. E., using another method, 
both giving the same equations. 

Later, 1898, Sanders, Engineer for the Monier construction 
Amsterdam, published elaborate treatise the science this 
construction. 

All the foregoing investigators, however, took for the ultimate 
strength the construction the proportionate elongation which 
the concrete the tension side would fail when metal reinforce- 
ment was used. certain modulus elasticity for the con- 
crete tension, and certain tensile strength, seemed evident that 
this would fix the maximum proportionate distortion obtainable 
the concrete. Then when the concrete had failed the tension side 
was assumed that the formulas would longer available, and 
that, even the maximum strength had not been reached, the con- 
struction was unsafe condition owing the exposure the 
metal reinforcement. 

The speaker believes was the first point out, least this 
country, the error these assumptions, and that section plane 
before bending was still plane after the concrete the tension side 
had passed far beyond its limit strength. had observed 
tests made under his direction that the cracks which certainly ought 
have been there were not visible even plastered surface with 
five ten times the maximum proportionate distortion obtainable 
when metal reinforcement was used. 

was his idea this time that the metal served equalizer 
slight variations the strength different places the concrete, 
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and that the cracks, though undoubtedly present, were greatly 
distributed and divided too fine visible. This being 
the case, seemed evident that for a!l practical purposes, any rate, 
section plane before the point was reached which this rupture 
was supposed occur would still plane after passing this point; 
which case the same formulas would apply, being only necessary 
omit from the moment resistance the moment due the concrete 
tension, which did not amount very much anyway. 


The next important contribution the literature this 


seems have been made Considére, Ingénieur Chef des 
Ponts Chaussées, Paris, who published* quite long discussion 
the subject, the basis which was tests made him 
specimens about ins. long ins. square, subject uniform 
bending moment throughout their middle portion. Thespecimens were 
made Portland cement and sand mortar, some having metal im- 
bedded and others the same batch with metal. The metal was 
round iron rods wire, transverse metal being used avoid com- 
plications the stresses. 

His studies embrace the following points: Graphical and algebraic 
determinations the moment resistance armed pieces, influence 
the quality the concrete and the armatures, the most economi- 
cal percentage metal, effect bad workmanship, value the 
factor safety, and the utility symmetrical armatures, which 
meant those running two directions right angles each other 
such used Monier constructions. article marks 
distinct advance the science. While impossible here 
enter into description the experiments and discussion the 
paper—in fact, contains much that neither new nor especial 
interest this country—it necessary mention certain important 
results obtained, having they do, enormous influence the 
scientific design steel-concrete structures. 

These results, which the evidence seems conclusive, are 
follows: 

1.—In armed concrete beams, the concrete the tension side will 
submit, without rupture, proportionate distortion from ten 
twenty times that which would fail unarmed direct tension 
test. will also have, during the additional period distortion, 
strength nearly equal its maximum strength direct tension. 

interior stresses are introduced armed concrete con- 
structions where rich concrete mixtures are used, owing the shrink- 
age the latter during the first eighteen months exposed the air, 
corresponding swelling during the period submarine work. 
For neat cement this amounts to2 mm. per meter, decreasing with the 
quantity base material added. 


Génie Civil, February 4th 25th, 1899. 
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3.—These interior stresses are, considerable extent, relieved Mr. Johnson. 


the slipping the bars rods the concrete, which action 
says his tests leave room for doubt. also relieved 
time, cracks are not previously developed, what calls the 
tendency the concrete eventually yield somewhat soliciting 
force. 

With regard the determination the first result, Considére 
subjected armed beam bending giving times the pro- 
portionate distortion the concrete tension which should have 
failed, and then subjected 139 repetitions loadings where the pro- 
portionate distortion the concrete ranged from times the 
maximum obtainable from unarmed piece. then carefully cut 
out annular ring concrete surrounding one the rods and found 
not only that was not cracked, but that was still capable carry- 
ing nearly its maximum load. 

seems scarcely possible obtain more conclusive evidence than 
this. certainly great surprise the speaker, who has always 
believed that the cracks were really there, though fine 
invisible. 

The next result was determined from neat-cement specimen, 
ins. cross-section, having rod imbedded the cen- 
ter. The rod was originally measured, imbedded the concrete, 
and then after being immersed water for some time, measured 
again. The cement was then stripped off and the length again 
determined, when was found the same length origi- 
nally, though having been materially longer the second measure- 
ment. this way was ascertained that the rod had been subjected 
tensile stress 17070 per square inch, and the concrete 
compressive stress 937 lbs. per square inch. 

These values are very high, and render the advisability the use 
very rich mixtures steel-concrete construction questionable. 

The third result obtained, however, indicates that relief from this 
stress will probable afforded account the slipping the bars 
the concrete, and the tendency the concrete gradually yield 
continuing force. The speaker fails see any consolation whatever 
this. 

Accepting the reliability these three results, and summing 
their effect upon the design steel-concrete structures, arrive 
the following conclusions: 

1.—The maximum moment resistance steel-concrete beams 
should include the tensile strength the concrete one the ele- 
ments thereof, operating almost its maximum capacity. There will 
cracks the concrete the tension side previous the develop- 
ment this maximum moment. 

2.—On account excessive shrinkage stresses should avoid 
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The speaker would construe this referring more particularly the 
usual mortar mixtures rather than the ordinary proportions con- 
crete work. 

3.—To avoid the slipping the metal the concrete, dependence 
should not placed solely upon the adhesion the concrete the 
surface the metal; but the rods should constructed have 
additional and more reliable form bond. 

The adhesion very great originally, and entirely sufficient for our 
needs; but the slipping undoubtedly occurs through the weakening 
this adhesion vibrations and shocks which, more less, all 
structures are subjected. 

entirely apart from the purpose this discussion present 
anything tothe characteristics relative merits the various styles 
steel-concrete construction now the market, many which are 
protected greater less degree. The foregoing conclusions, 
however, give reliable criteria for the determination these merits. 

That the concrete does not fail all tension, for proportionate 
stand, the speaker the most interesting Considére’s results. 
the others, they only serve substantiate previous impressions. 

certain that the cracks not show, but that they not 
exist would impossible acceptance except the strength such 
elaborate and precise experiments Considére has conducted. 

the speaker’s knowledge, nobody yet has confirmed the first 
result, and may that many engineers will wait for this before 
accepting if. For this reason the formulas following are based upon 
the concrete tension being value the moment resistance 
the cross-section. Weare all the more willing make this conces- 
sion the natural conservatism careful engineers, since, after all, 
the effect inconsiderable except where very rich mixtures are used, 
which, has been shown, are not advisable this class construc- 
tion. 

Let Modulus elasticity steel, pounds per square 

inch; 
Modulus elasticity the concrete compression, 
pounds per square inch; 


limit steel, pounds per square inch; 

strength concrete, pounds per square 
inch; 

Width section considered, inches; 

Area bars, square inches; 

Amount metal per inch width, square inches; 
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Moment ultimate resistance cross-section, inch- Mr. Johnson. 
pounds, for failure tension; 

Moment ultimate resistance cross-section, inch- 
pounds, for failure compression; 


Bending moment external forces, inch-pounds; 
Total load beam, pounds; 
distributed load, pounds per square foot; 


Unit elongation extreme fiber compression; 
Unit elongation steel; 
distance from the bottom the concrete the 


middle plane the metal, inches. 

cannot count developing, the maximum load, stress 
the metal much greater than its elastic limit, well use steel 
with high elastic limit consistent with such ductility may 
necessary the particular construction used. Though often 
possible these constructions break the metal reinforcement 
entirely two, yet the high stress the metal which this implies 
not developed until long after the construction whole has attained 
its maximum carrying capacity. 

will assumed, therefore, that the modulus elasticity the 
steel constant the development the value which prac- 
tically the elastic limit, which time the construction whole 
reached its maximum resistance. 


<----o-- 


Fig. 


This condition does not hold the concrete side. Here, the maxi- 
mum load-carrying capacity will occur when the extreme fiber stress 
the concrete becomes equal its compressive strength, assuming that 
there enough steel used develop it. When this occurs, the stress 
diagram will shown above the neutral axis Fig. this 
diagram the total stress equal the area the shaded portion, 
about greater than the area between the linesonandos. The 
speaker has examined large number stress diagrams and finds that 
this true within reasonably close limits for both rock and cinder con- 
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Mr. Johnson. cretes the usual mixtures. Also, the same way, was deter- 
mined that the modulus elasticity represented the tangent 
the angle rock concrete only two-thirds and cinder concrete 
one-half much the value the original modulus, represented 
the tangent the angle which the one usually given test 
reports. 

Single-Span Beams Knife-Edge Supports.—Referring Figs. 
and have 


Then the strain, stretch the metal is, 


the compression side have, 


and the resulting stress is, 


for rock concrete, and for cinder con- 
crete; 
for rock concrete, and for cin- 
der concrete. 


for both rock and cinder concretes. 


for rock concrete, 


for cinder concrete. 


But P,; hence, 


from which for rock (1) 
from which for cinder concrete ............... (2) 


For the moments resistance the cross-section make 
appreciable error assume that the location the resultant 
pressure the compression side, the center gravity the upper 
shaded area Fig. where would the figure were triangle. 


Then 
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then have, 


also have, 


The value varies with the thickness and also the character the 
metal. should not less than in. for bars, nor less than the 
thickness the bar used. such material expanded metal, 
which the metal runs along planes inclined with the horizontal, this 
distance may small in. calculating any given construction 
the value first inserted (5) which then combined with either 
(1) (2), depending upon which kind concrete used, get 
the values and These values inserted (3) and (4) give the 
moments resistance, the smaller the two values being used the 
strength the section. 

Single-Span Beams Knife-Edge Supports Equal Strength above 
and below the Neutral Axis.—Here becomes equal or, 

Combining (1) and (6), and (2) and (6) have, 

c 


these values (4), have, 


designing, where one using metal the quantity which can 
altered will, then the construction should made equal 
desire obtain moment resistance equal given bending 
moment, have, 

and from and (10) 


for cinder concrete 


Mr. Johnson. 
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Mr. Johnson. (11) and (12) are very simple, will noticed that, 
knowing the kind concrete used, the radicals reduce once 


numerical fractions. When thus determined get from 


(6) and from (7) (8). gives the amount metal required for 
width The thickness the concrete and the spacing the bars 
will then only depend upon the size the bars used. 

Floor Panels.—The foregoing formulas apply steel-concrete, 
single-span beams, supported knife-edges the ends. The dis- 
cussion wholly inadequate when applied the carrying capacity 
such construction used flooring where there are haunches 
the beams and flooring the adjacent panels. There has not, yet, 
been developed scientific discussion the strength such cases, 
and doubtful there ever will be. known, general, that 
slab given thickness will carry more than twice much, when 
incorporated floor, will when tested beam simply sup- 
ported the ends. 

fact, spans ft. this ratio more than though 
probably this excess entirely due the fact that, testing, uni- 
formly distributed load generally used which will always arch con- 
siderably, matter what the material may be. only fair, 
however, that the short spans should allowed this advantage, as, 
when use, the stored material cannot act otherwise. far con- 
centrated loads practice are concerned, except special cases 
rare occurrence, their effect much over-estimated, and the special 
cases could receive individual treatment. 

While, has been said, is, yet, impossible to. give truly 
scientific discussion these matters, can arrive idea the 
conditions considering that the haunches the beams produce 
continuous-girder action, such that the external bending moment 
the middle only two-thirds great were free the ends. 
Also that the floor the adjacent panels produces interior arch- 
ing action within the thickness the slab, adding about one-third 
the area the compressive stress diagram, this extra compression 
being counteracted the adjacent floor panels instead the 
metal reinforcement. The effect these two elements double 
the strength the beams used floors. 

spans ft. length uniformly loaded with any material not 
grain can safely add another 50% the moment 
resistance account the arching effect previously alluded to. 
For zero span this effect would infinite, and for infinite span 
would zero. would then have for the curve correction 
the moment resistance hyperbola, shown Fig. passing 
through percentage span ft., and having the axes 
asymptotes. 
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course, the arching action varies with the defiection and also 
with the strength the construction, the latter determining the 
height the load. These are allowed for, the speaker’s experi- 
ence with concrete and metal constructions, the selection has 

The whole argument applied floor panels admittedly 
posteriori, the speaker having had much experience with, any rate, 
certain styles construction, and knowing, therefore, advance, 
about what his formulas should show. least, the method has the 
merit being safe. 

The speaker’s practice is, therefore, follows: 

For steel-concrete beams simply supported the ends, use for the 
moment resistance Formulas (3), (4), (9) and (10). 

For floor construction, double the values given the foregoing 
formulas and add thisa percentage depending upon the span length 
and obtained from Fig. 

For special cases floor construction, where heavy concentrated 
loads are used, reduce the same the equivalent non-arching uni- 
formly-distributed load and then double the values Formulas (3), 
(4), (9) and (10), and add percentage. 

The speaker has tables for the design the special kinds steel- 
concrete constructions used him and for the concrete materials 
found the territory his operations. 

As, however, these tables would not applicable other kinds 
metal reinforcements, other localities where different kinds 
materials are used the concrete work, thought inadvisable 
give them here. 

has been found that the elements strength concrete vary 
great deal with different classes materials, and the speaker would 
recommend that any large work these functions especially deter- 
mined. This applies particularly the compressive strength, and the 
compressive modulus elasticity. 

far floor construction concerned, evident that the last 
word has means been said upon the subject the theory the 
combination steel and concrete. But the speaker will satisfied 
has shown that our knowledge sufficient give safe and the 
same time fairly economical design. 

simple beams, our knowledge precise and sufficient. 

far the other questions are concerned, with regard the reli- 
able use these materials combination, would seem tkat they, too, 
have been practically all answered the affirmative. 

The coefficients expansion are nearly alike that possible 
variations temperature can produce any ill effects. 

corrosion, bars may imbedded either rock cinder con- 
crete well mixed and has reasonable quantity cement, say 
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1:3:6, and left exposed the elements for years and bright and Mr. Johnson. 


clean when cut out the day they were placed. Cinders containing 
large percentage sulphur will give just about good result, 
these particles are covered over and rendered ineffective the Port- 
land cement water, grout, that permeates the whole mass. 

its use fire-proofing, where cinder concrete used, the 
riers have all been burned away, having stood the severest test, both 
home and abroad. 

The admirable thing about this class construction the reliabil- 
ity with which desired result can obtained, and the performance 
again and again duplicated. One must, course, know his materials. 
This the quality that makes possible the development the scien- 
tific theory, and renders available for high-class engineering work. 


Am. Soc. E.—The question fire-proof Mr. Parker. 


construction has only been lightly touched upon these discussions. 
would seem that, concrete used largely fire-proof con- 
struction, more consideration should given the subject the 
effect fire concrete, which, the various fire-proofing systems, 
depended upon for strength, either when acting alone con- 
junction with metal. The metal which depended upon for strength 
should placed far enough from the surfaces exposed heat, 
insure the maintenance temperature which not injurious the 
strength the metal and which will not cause undue expansion. 

the speaker’s opinion, some cases, this has not been done. 

Just how far from the surface exposed heat concrete will seri- 
ously affected, and just what kind concrete best adapted for use 
the surface, are the questions decided the engineer architect 
for the different conditions his structure. far the speaker can 
learn, there have been but few carefully-made investigations assist 
deciding such questions, but his belief that concrete properly 
made, either stone cinders, and unprotected plaster other- 
wise, will not destroyed fire and water, such would sub- 
jected warehouse, more than ins. from the exposed surface, 
and this only when there the concentration powerful fire- 
stream; and that after depth ins. reached there serious 
injury. 

Cinder concrete is, doubt, one the best non-conductors 
heat, and, resists fire and water very successfully, should 
used whenever practicable. 

These conclusions are from experiments small scale made 
the speaker, and from observations few experiments large 
scale, well reading what little could tind print. 

The thickness concrete required for the protection columns 
and long girders, particularly prevent undue expansion, should 
determined carefully experiments, the temperature both fire and 
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Mr. Parker. beams columns being recorded. The speaker can find scarcely 
single record giving these data satisfactory manner. 
The question repairs should borne mind when designing. 
From experiments made the speaker seems practicable replace 
protecting layer cinder concrete ceiling when has become 
injured fire and water. This question repairs one special 
interest when considering, the matter insurance. 
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FoR 


The Decolorization Water: When necessary? How may 


accomplished?” 


essentials-of ideal water supply that shall colorless. This 
condition realized most ground-waters and some surface- 
waters, but, ordinarily, surface-waters possess amount coloring 
matter which varies according the character the water-shed and 
the length time that the water remains contact with organic matter. 
the outset, important distinguish between the terms 
and for water may colorless and yet turbid, 
may clear and yet colored. According the strict definition 
now recognized water analysts, the color water due sub- 
stances solution, while the turbidity due substances sus- 

*The discussion this subject, for which formal paper was presented, 


printed Proceedings order that the views expressed may brought before all 

Society for further discussion. (See Rules for Publication, Proceedings, 
ol. xxv, 71. 

this subject received prior September 28th, 1901, will 


later number Proceedings, subsequently the whole discussion will 
published Transactions. 


Mr. Whipple. 
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pension. the suspended particles are colored the water may, indeed, 
have apparent color, but this more properly described 
turbidity.” Thus, the water the Red River, Louisiana, 
has red turbidity; the water the Schuylkill River has times 
black turbidity, due coal dust; while water heavily laden with 
may have green turbidity. The true color, vegetable stain, 
sometimes called, due, theoretically, then, substances solu- 
tion; yet practice this definition cannot adhered all 
strictness, because many surface-waters contain suspended matter 
organic origin amounts too small measured turbid- 
ity, but which are sufficient affect the color. Practically, there- 
fore, the color water may considered that part the 
apparent color which remains after the visible turbidity has been 
removed. 

Nature the Coloring Matter.—The coloring matter water 
derived primarily from decayed végetation—that is, from chlorophyll 
and its derivatives. usually brownish, but may vary hue from 
greenish-yellow reddish-brown, according the nature the sub- 
stances dissolved. The exact chemical composition chlorophyll 
unknown, but contains carbon, hydrogen, oxygen, nitrogen and 
iron, with traces other elements. probable, therefore, that 
these constituents are all present the coloring matter water. 
has been known for long time that unpolluted water the 
amount nitrogen, albuminoid ammonia, and the amount carbon, 
represented the oxygen consumed, were, within certain limits, 
proportional the amount coloring matter. These relations are 
shown Figs. and which are based upon analyses samples 
surface-waters from various parts the United States. most cases 
the points represent yearly averages monthly samples, and were 
selected with special reference freedom from pollution, suspended 
matter and microscopic organisms. general way, the amount 
iron increases with the color, but, inasmuch the amount iron 
sometimes very small high-colored waters, the relation probably 
incidental rather than causal, far the depth color con- 
cerned. seems likely, however, that iron exerts influence the 
hue the water. Under certain conditions, moreover, iron plays 
important part the production color. Ground-waters, for 
example, are often colored ferric oxide, but, inasmuch this 
largely suspension, the color produced more properly classed 
colored turbidity. The which water acquires the bottom 
deep pond great extent due the presence compounds 
iron. 

Variations Hue.—The colors imparted water extracts 
different substances and extracts the same substance under 
different conditions vary slightly hue. For example, the extract 
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Color. 


DIAGRAM SHOWING THE RELATION BETWEEN 
THE COLOR SURFACE-WATERS AND THE 
AMOUNT ALBUMINOID AMMONIA SOLUTION, 


Mr. Whipple. 
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Mr. Whipple. birch leaves has larger component red than that cedar, and the 


cedar extract more red than that maple. The color extracted 
from fresh more green and less red than those the leaf extracts 
mentioned. Old peat, however, has component red than 
fresh peat. There some reason think that these differences 
hue are due, part least, the presence different amounts iron. 
From made Dr. Hollis for the Boston Water-Works 
appears that the amount iron corresponding given amount 
coloring matter decreases with subsequent extractions the same 
substance, shown Table No. 


TABLE No. 
Tron Iron. 
Extract. Color. Hue. (Parts per 

million). Color. 

Maple leaves, subsequent 0.006 
Elm leaves, subsequent 0.011 0.055 


The ferrous compounds iron have generally greenish color, 
and seems likely that the greenish hue fresh extracts may due 
such compounds. Experiment has shown that their addition 
colored water renders the hue more green. With subsequent 
extractions the iron becomes less amount and perhaps changed 
the ferric condition, causing increase the red component the 
coloring matter. possible that manganese compounds may also 
exert influence the hue water. 

matter common observatien that the hues surface- 
waters change with the seasons. During the late autumn and winter 
the greenish-brown hues, due the fresh extracts from newly fallen 
leaves, are most marked, while during the spring and summer the 
reddish-brown hues prevail. 

The hue water influenced the amount suspended 
matter present. The red rays are less readily absorbed than those 
shorter wave-length; consequently, when suspended matter present 
the proportion red rays transmitted relatively larger than would 
the case the water were clear. 

should remembered that the hue water depends upon the 
depth liquid through which the light passes, and that for the rea- 
son stated, namely, that the red rays are most easily transmitted, the 
hue becomes more red the depth the column liquid increases. 

Measurement the Amount Coloring Matter.—The Platinum- 
Cobalt Standard,* suggested Allen Hazen, Am. Soc. E., may 


American Chemical Journal, Vol. xiv, No. 


7 
. 
‘ 


Mr. Whipple. 


o 


12.0 


10.0 


9.0 


8.0 


6.0 


Oxygen Consumed Parts per Million. 


4.0 


3.0 


1.0 


Color. 


DIAGRAM SHOWING THE RELATION BETWEEN 
THE COLOR SURFACE-WATERS AND THE 
AMOUNT OXYGEN CONSUMED, 
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Mr. Whipple. fairly considered the standard color measurement. Accord- 


ing this standard devised the color water was measured 
terms the amount platinum parts per ten thousand, which, 
acid solution, with much cobalt matched the hue, produced 
equal color distilled water. The speaker believes that wil] de- 
cided advantage, however, make the unit color equal the amount 
platinum parts per million rather than parts per ten thousand, 
order that the figures which represent the color may whole 
numbers rather than decimals, and order that the determination 
may fall into line with the modern movement expressing the results 
analysis parts per million. This method used this discus- 
sion. will observed that the figures correspond with those 
the original method with the decimal point omitted. stock solution, 
which has color 500, made dissolving 1.246 grams potas- 
chloride (PtCl,.2KCl containing 0.5 gram platinum, 
and gram crystallized cobalt chloride containing 
0.25 gram cobalt, water with 100 cu.cm. concentrated hydro- 
chloric acid, and making one liter with distilled water. 
diluting this stock solution standards are prepared containing 
10, 15, 20, 25, 30, 40, 50, and parts platinum per 
million, which are kept 100-cu. cm. Nessler tubes cm. high, 
2.2 cm. diameter, with the 100-cu. cm. mark 23.5 above 
the bottom. The color sample observed filling sim- 
ilar tube with the water, comparing with the standards, and 
noting the point where the colors match. The observation made 
looking vertically downward through the tubes upon white sur- 
face placed such angle that light reflected upward through 
the columns liquid. still more accurate method making the 
comparison the use colorimeter like that devised Fitz- 
Gerald and Foss.* 

Some objection has been raised the Platinum-Cobalt Standard 
because with high-colored waters difficult match the hues. If, 
however, waters which have color above are diluted with color- 
less water before the comparison made there trouble from this 
cause. 

The Nessler Standard and the Natural-Water Standard, which was 
made correspond with it, have been largely used the past and 
are still adhered upon some important investigations where 
desired keep the records continuous. order facilitate com- 
parison between these methods and the Platinum-Cobalt Standard, 
Table No. may found convenient. was prepared the Chest- 
nut Hill Laboratory, the Boston Water-Works, under the direction 
Desmond FitzGerald, Past-President, Am. Soc. 
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DIAGRAM SHOWING THE SEASONAL CHANGES THE COLOR WATER 
BOSTON, MASS., BROOKLYN, N.Y., AND NORFOLK, VA. 


EXPRESSED PERCENTAGES THE YEARLY MEAN. 
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TABLE No. 2.—For READINGS FROM THE NESSLER 
WATER STANDARD THE PLATINUM-COBALT STANDARD. 


THE WATER PER MILLION PLATINUM. 


Nessler Nat- 
0.00 0.01 0.02 0.08 0.04 0.05 0.06 0.07 0.08 0.09 
Standard. 


103 108 104 105 105 106 107 108 108 
1.80 137 187 188 189 189 140 141 142 142 
1.90 144 144 145 146 146 147 148 149 149 


Amount Coloring Matter Surface-Waters.—The amount 
coloring matter surface-waters varies within wide limits. Some 
waters are almost colorless, while others have color high 500 
even 1000. These extremely high-colored waters, however, are 
found only swamps, and are usually confined small pockets 
where the water lies stagnant. The amount coloring matter 
surface-water depends chiefly upon the character the vegetation 
the water-shed, and upon the length time that the water remains 
contact with the organic matter, but other factors enter into the 
problem. water collected from water-shed which rocky, 
with few trees and with steep slopes, the color will ordinarily below 
20; collected from wooded area from cultivated land with steep 
slopes may from 50; from wooded cultivated area 
with gentle slopes may from 100; and from area upon 
which there are numerous swamps may range from 100 500 
more. These figures are only approximate, but they give general 
idea what may found under different conditions. most cases 
the problem complex, and the color the water collected from 
water-shed the component numerous small feeders which drain 
areas which differ character, and which, consequently, contribute 
different amounts coloring matter. 

New England, where the color the surface-waters has been 
studied more minutely than elsewhere, many the public water 
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supplies have average color more than 50. general, may Mr. Whipple. 


said that high-colored waters are most common the Northern 
States. They are, course, found elsewhere, and wherever swamps 
exist, but regions south the glacial drift many the streams are 
clay-bearing, and the presence tends reduce the amount 
coloring matter solution, will mentioned later. the North- 
western States the colors are often very high. arule, high-colored 
waters are found comparatively small streams which drain limited 
areas, but there are exceptions this. Some ofthe large rivers 
Maine carry very dark water; the Mississippi River Minneapolis 
often has color above 100. the Northern States, where logs are 
floated down the streams and remain for months the water, and 
where saw-dust washed into the streams great quantities, some 
the coloring matter may traced this source. 

The amount color the water any stream subject 
seasonal variations dependent upon the changes that take the 
foliage and upon the distribution rainfall. the Northern States 
the color the water the streams during the winter and early 
spring usually its minimum, because the ground frozen and 
the water and melted snow pass into the stream without coming 
contact with the organic matter the ground, and because the dark- 
colored water lying shallow swamps frozen and does not con- 
tribute the flow. rains, however, cause the swamps 
and the dark water from these sources causes increase 
the color the streams. During the summer, when the swamps dry 
and the streams become low, there decrease color many 
streams, but where the drainage from the swamps continuous there 
may constant increase. the autumn, after the leaves have 
fallen, there often marked increase color. thesmall streams 
the Boston Water-Works, where continuous observations cover 
long series years, was found that the seasonal changes color 
were substantially shown Fig. Brooklyn, Y., where the 
cold weather less severe, the winter minimum not low 
Boston, the spring maximum occurs earlier the the 
second maximum occurs January instead December. 
Norfolk, Va., the curve similar that Brooklyn, but the fluctua- 
tions color are somewhat greater. large streams, and lakes 
and storage reservoirs, the seasonal variations are not clearly 
marked those indicated, but they agree their general character. 

has marked influence the color small streams. 
Weekly observations small stream Long Island, covering 
period three years, showed that the color was almost directly pro- 
portional the amount rain. This stream was fed directly from 
swamp. Observations the streams the Metropolitan Water- 
Works gave similar results. 
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Mr. Whipple. 


Color Due Stagnation Deep Ponds.—No better illustration 
the effect stagnation the color the water deep lake can 
given than that Lake Cochituate, Natick, Mass., where weekly 
observations color have been carried since 1891. Some these 
results are given Fig. During the summer the stagnant water 
the bottom becomes highly colored, shown the full line, and 
when the time the autumnal overturning this dark water 
carried upward, tends increase the color the upper strata, 
may seen from the diagram. The same phenomenon takes place 
during the period winter stagnation, but smaller scale. The 
explanation for the increase color the bottom during stagnation 
follows: the bottom the lake there exists deposit 
organic matter, and the oxidation this the oxygen dissolved 
the lower layers becomes exhausted. none can secured from 
above, decomposition progresses under conditions, and can- 
not carried its final state complete oxidation until the over- 
turning. Under these conditions iron taken into solution the 
ferrous condition, and, together with dissolved organic matter, causes 
the increased color. exposure the iron becomes oxidized 
the ferric condition causing further increase color, change 
the hue from greenish-brown reddish-brown. The dotted line 
the diagram shows the average color the four principal inflowing 
streams, obtained combining the results each according the 
size their drainage areas. represents, however, only part 
the water which enters the lake. 

less, practically so. Wells sunk swamp areas, however, may, 
under certain conditions, yield water which high-colored. 
passing downward through the surface layer peaty matter, 
through deeper deposits organic matter, oxygen may become 
exhausted, and organic matter and iron taken into solution, the 
case stagnant pond, exposure the air the iron such 
water may become oxidized and the color the water increased. 
considerable extent the color due iron oxide suspension, but 
even after filtering through Pasteur filter some coloring matter may 
remain. 

Even where organic matter present, ground-water may 
contain large amount iron the form ferrous carbonate, which 
exposure the air becomes oxidized the ferric condition 
the formation yellowish-brown precipitate. 

Decolorization Water Natural Processes.—The color the 
water large lakes seldom high. There factors which 
tend produce this result: Dilution, precipitation and the bleaching 
action sunlight. 

Most large lakes receive water from water-shed which varies 
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DIAGRAM SHOWING THE COLOR THE WATER LAKE COCHITUATE. 


THE SHADED AREA SHOWS THE COLOR THE SURFACE; 
THE FULL LINE SHOWS THE COLOR THE BOTTOM; 
THE DOTTED LINE SHOWS COLOR FOUR 
INFLOWING 
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influenced but slightly, all, temperature, and the part played 


character. Certain swamps and wooded areas may contribute dark- 
colored water, but, usually, there are other areas which furnish water 
low color; times when the surface the lake drawn down 
level below that the the color may materially reduced 
dilution with colorless ground-water. order estimate what 
the color lake reservoir will necessary take account 
all the water that enters and give each source weight propor- 
tion its color and volume also necessary allow for 
the amount coloring matter that leaves the lake. the flow 
streams varies greatly different seasons the year, any calculation, 
accurate, must based upon observations extending over 
least one year, with observations made often once each week. 
there were other factors taken into account the calculated 
color obtained this method would agree exactly with the observed 
color the water the lake. The observed color, however, usually 
lower than the calculated color because decolorization due 
storage. 

Unless waters have noticeable turbidity, color readings are gener- 
ally made without first filtering the samples, and experiments have 
shown that even where there evident turbidity surface-waters 
taken from swamps often contain enough finely-divided suspended 
organic matter materially influence the color. Upon standing, 
some this suspended matter will settle the bottom, may 
observed sample bottles, with consequent diminution the appar- 

color the supernatant water. lakes the loss color from 
this cause small, but yet appreciable. 

reservoirs the bleaching action sunlight. Stearns,* Am. 
E., has stated that unused reservoir ft. deep the color 
the water decreased from (Nessler scale) six months. 
study the nature and amount the bleaching colored waters 
was made FitzGerald and Foss} exposing bottles high-colored 
water sunlight for known periods under different conditions. 
was found that the reduction color was about 20% for each 100 
hours bright sunlight, and that all the color could removed 
sufficient exposure. also found that the actinic rays were most 
efficient removing the color. Samples exposed blue and white 
bottles showed much greater reductions than samples the same 
water exposed yellow and red bottles. The bleaching action was 


sedimentation was comparatively For equal periods 
exposure sunlight, the amount color reduction was the same 
all seasons the year. 


“Special Report Examination Water Supplies,’’ Massachusetts State Board 
Health, 1890. 
Annual Report, Boston Water-Works, 1894. 
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order determine the amount bleaching action that takes Mr. Whipple. 


place actual practice the speaker once made series experiments 
which bottles colored water were exposed different depths 
reservoirs under different conditions. The results three these 
experiments are shown Table No. 


TABLE No. 
xperimen xperimen xperimen 
Percentage reduction color— 
25 82% 1 12% 
2.5 = 21% 4% 4% 
“ “ 10.0 1% 0% 


was found that the surface the bleaching action was consider- 
able, but that decreased more less rapidly with increasing depth, 
according the color the water the reservoir. very dark 
waters the bleaching action probably confined layer near the 
surface not over ft. thick, but the water becomes lighter, the 
action takes place greater depths, consequently the color removal 
proceeds accelerated rate. 

The fact that ground-water colorless due the action 
soil, and especially the aluminum compounds there present. These 
act chemically upon the coloring matter, will pointed out later. 
The decolorizing effect aluminum compounds also observed 
turbid waters which carry clay suspension. such waters those 
the Ohio, the Allegheny, the Potomac, etc., there very little dis- 
solved coloring matter, and when the turbidity has been removed the 
waters are almost colorless well clear. The effect clay upon 
the dissolved coloring matter may illustrated the following ex- 
periment. Kaolin various quantities was added bottles colored 
water; the bottles were shaken and the water passed through Berke- 
feld filter. The colors before and after treatment were follows: 


0.5 gram kaolin added 250 cm. water........... 


Amount Coloring Matter Permissible Water Supply.—As far 
can learned, the organic matter which gives color way 
injurious health. the light modern bacteriology, almost 
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certain that the intestinal disorders formerly attributed swamp-water 
are due other agents than the coloring matter, though these agents 
may accompany the coloring matter. The subject color 
sidered, therefore, not from sanitary, but from point 
view. one will deny that brown-colored water less attractive 
than colorless water, and these days, when the public demanding 
improvements the quality water, and when standards quality 
are becoming crystallized, this characteristic must taken into 
account. Moreover, certain industries, such the manufacture 
paper and certain fabrics, bleacheries, etc., are said demand water 
that both colorless and clear. 

present there recognized standard color. 
People from different localities are influenced the character the 
water which they are accustomed. person who has been used 
well-water, the water from stream which had color would 
seem dark, while another person used swamp-water would consider 
light. Below 20, however, seldom that the color water 
would complained of. Such water has noticeable color when 
viewed some depth porcelain-lined bath tub, even carafe 
upon white table-cloth, but glass tumbler would scarcely 
noticed. Between and the color might might not regarded 
with disfavor, according the tastes the individual, but above 
would quite generally regarded high-colored,” 
Perhaps 30, average the foregoing figures, may regarded 
fair limit for the permissible color the present time. 

what extent city town warranted expending money for 
the mere removal coloring matter depends upon the tastes the 
citizens and the financial standing the community. not 
looked upon necessity, but aluxury. should recognized, 
however, that good water supply not only matter civic pride, 
financial value, and especially residential community. 
Now the general public judges public water supply largely its 
appearance, hence any reduction the amount coloring matter 
really adding the attractiveness city town place 
residence. 

Methods Decolorization.—The methods used for reducing the color 
water supply may classified follows: 

1.—Prevention color, drainage swamps and removal 
organic matter from reservoir sites. 

2.—Reduction color filtration without the use chemicals. 

3.—Decolorization the use chemicals followed filtration. 

the use chemicals without filtration. 

Prevention Color the Drainage Swamps and the Removal 
Organic Matter from Reservoir will sometimes more econ- 
omical prevent surface-waters from acquiring color than remove 
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the color any the processes mentioned. The color the water Mr. 


any stream lake the component the colors its various 
feeders. ‘It seldom that these feeders are equally colored, and 
often the case that some one (or some few) them furnishes most 
the coloring matter. dividing gathering-ground into parts, and 
estimating the color and yield from each, the effect any partic- 
ular feeder upon the entire yield may calculated. Steps may 
then taken drain the swamps and intercept the water low color 
from upland districts and lead into the streams without allowing 
the swamps. The location ditches and canals for these 
purposes must depend upon local conditions. Sometimes compara- 
tively small expenditure money will yiéld most excellent results. 
Desmond FitzGerald, Past-President, Am. Soc. E., who was the first. 
attempt work this kind upon large scale, estimated that 
expenditure $12 000 the color the water furnished the Ashland 
Reservoir the Metropolitan Water-Works, Boston, would reduced 
from 45. This was equivalent $44 per acre swamp, $8.57 
per million gallons storage capacity. also estimated that, 
digging system canals, the water from the Cedar Swamp district, 
embracing area sq. miles, could reduced from 106 at. 
expenditure $250 000. 

removing the organic matter from the bottoms reservoirs, 
this source color eliminated. When the amount peat 
and the reservoir comparatively shallow, the color acquired may 
considerable and the action may constant. With deep reservoirs, 
where stagnation occurs, the color will yielded intermittently, 
shown Fig. With clean reservoirs, storage water will reduce 
its color instead increasing it. 

Since the color water may permanently lowered the 
proper treatment the water-shed, and the cost decolorization 
the use chemicals increases with the amount coloring matter 
present, evident that instances may found where the former 
method will the cheaper, and that, even where some form 
decolorization resorted to, the annual charges may reduced 
decreasing the color the raw water drainage the swamps. 

Reduction Color Filtration Without the Use Chemicals.—Quartz 
sand has absolutely effect upon the coloring matter water. 
Simple sand filtration, therefore, cannot depended upon render 
water colorless. Yet sand filters remove portion the color, and 
for the following reasons: 

was stated that natural waters portion their color 
finely-divided organic matter held suspension. This suspended 
matter removed through Berkefeld filter, which 
composed silica, through bed sand. Consequently, the color 
somewhat reduced. second filtration through these media will not 
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further reduce the color, showing that the action merely mechan- 
ical one. 

The sand used for filter beds usually contains certain 
clay, and the aluminum compounds have the power 
uniting with the matter, there slight decolorization from 
this cause. This action greatest new filter, because, ultimately, 
the clay becomes largely removed. Even when clay present 
the sand sometimes carried suspension the water and 
deposited the top the filter, where, slight extent, the same 
action may take place. 

The oxidation the coloring matter the filter probably 
Significant amount. 

The Pasteur filter sometimes used filter samples water 
before the color readings are made, but the aluminum compounds 
the construction this filter exert decolorizing action upon 
water, just does the clay sand filter. For this reason 
Berkefeld filter, which composed almost wholly silica, 

water filtered through animal charcoal, bone char, may 
completely decolorized. This has been explained saying that 
coloring matter was oxidized the pores the char, where 
into intimate contact with the oxygen. Experiments, however, 
have apparently indicated that the phosphate present 
the bone char which the real decolorizing agent. Animal charcoal 
serve decolorize water when used for industrial pur- 
but there are objections its use for filtering domestic 
soon becomes foul and acts breeding place for bacteria 
such extent that the bacterial contents the water filtered may 
increased several hundred per cent. 

Decolorization the Use Chemicals Followed Filtration.—Before 
the coloring matter can removed from water must changed 
bring about this change sulphate alumina com- 
monly used connection with filtration, generally so-called 
Mechanical, American system. According the accepted theory 
the action aluminum sulphate the salt decomposed 
reaction with the carbonates* present in-the water, with the forma- 
sulphates the alkaline earths place their carbonates 
and aluminum hydrate, which the effective agent coagula- 
tion. aluminum hydrate then drags the coloring matter, 

forming flocculent precipitate, insoluble lake, which removed 
filtration. the carbonates present are not sufficient amount 
decompose all the aluminum sulphate added, the hardness the 
water must artificially increased order that undecomposed 
coagulant may remain the water. general proposition, this 


The determination gives the amount of-cartonates and bicarbon- 
present. 
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DIAGRAM SHOWING THE AMOUNT SULPHATE ALUMINA 
REQUIRED DECOLORIZE WATERS DIFFERENT DEPTHS 
COLOR, WHEN THE COAGULANT ADDED DIFEERENT 
WAYS 
LINE SULPHATE ADDED COLORED WATERS MODERATE ALKALINITY. 
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Whipple. perfectly true, but experiments made the speaker have shown that 
far decolorization alone concerned increase hardness 
not desirable, and, further, that the complete absence carbonates 
favorable economical decolorization. illustrate: 

water which had color 100 the platinum scale, and alka- 
linity parts per million, required grains aluminum sulphate* 
per gallon decolorize it, while water equal color but with alka- 
linity required only 0.7 grain. This indicated that the formation 
aluminum hydrate was not necessary for the removal color, and that 
there was direct reaction between the aluminum sulphate and the 
coloring matter. series dark-colored waters free from carbonates 
was then prepared diluting extract maple leaves distilled 
water. these differently colored waters 1-liter bottles 
aluminum sulphate was added various amounts, and the exact 
amount necessary decolorize was determined allowing the water 
stand hours and then filtering through paper. The results 
these determinations are shown Fig. the line will 
noticed that the amount required was proportional the color the 
water. The experiments were then repeated, using extract 
birch instead maple, with practically the same result. natural 
water was then rendered neutral methyl orange adding enough 
hydrochloric acid neutralize the carbonates, and here, again, the 
same results were obtained. 

find the amount aluminum hydrate required produce 
decolorization, the aluminum sulphate was changed hydrate before 
adding the water. This was done putting known amounts into 
colorless, hard waters, and, after allowing them stand, mixing with 
the colored waters. was found that when used very much 
larger amount sulphate was required than when the direct reaction 
obtained. The amount aluminum sulphate required decolor- 
waters different colors when first changed hydrate shown 
that shown the line 

actual practice, when aluminum sulphate added colored 
which contains carbonates, seems probable that both reactions 
take place simultaneously, and that part the aluminum sulphate 
reacts directly with the coloring matter, while the remainder decom- 
posed the carbonates, the aluminum hydrate thus formed also react- 
ing with the coloring matter. show this, series experiments was 
made upon colored waters which had alkalinity parts per mil- 
lion. Thealuminum sulphate was added the water 1-liter bottles 
and shaken thoroughly and immediately. The results are shown 
the line will seen that this line occupies mean position 


*The aluminum sulphate used all the experiments contained 17% available 
alumina. 
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between the lines CC. This the condition met with Mr. Whipple. 


practice, and the results agree fairly well with those which have been 
obtained with mechanical filter plants. Hazen* has stated that 

removal 90% the color can effected the use 
quantity aluminum sulphate equal to.rather more than grains 
per gallon for waters having colors 100, and proportionate amounts 
for more less deeply colored waters.” 

According the line 1.8 grains per gallon were required 
decolorize perfectly clear water which had color 100, which 
but slightly below Hazen’s estimate. 

While the two reactions take place simultaneously, their 
importance decolorization varies according the alkalinity the 
water, and according the rapidity with which the coagulant mixed 
with the water. illustrate: 

Two bottles clear water which had color 100 but alka- 
linity were treated with 0.8 grain aluminum sulphate per 
The first was shaken immediately, while the second was allowed 
stand one hour before shaking. the end hours both samples 
were decolorized. Two bottles clear water which had color 100, 
but alkalinity parts per million, were similarly treated with 
grains aluminum sulphate per gallon. After hours the sample 
which was shaken immediately was decolorized, while the sample that 
stood one hour before shaking was not. the latter was neces- 
sary add grains per gallon before the color was removed. this 
would appear that the aluminum sulphate was not first dis- 
seminated through the entire body water, but became great 
measure changed hydrate before the mixing took place; the 
hydrate formed was not effective removing the color the 
sulphate acting directly, consequently larger amount was required. 
evident, then, that for economical decolorization provision should 
made for rapidly mixing the applied chemical with the water, 
that may come contact with the organic matter before has all 
changed hydrate. further evident that the harder water 
the more difficult treat, and the steeper will the slope the 
neutralizing water, reducing its alkalinity before 
the aluminum sulphate added, the amount themical necessary 
produce decolorization may very materially reduced. 

The direct reaction between the aluminum sulphate and the color- 
ing matter has another bearing upon the coagulation waters. 
Fuller found Louisville that the theoretical amount reduction 
alkalinity the addition certain amount aluminum sul- 
was seldom obtained practice. This attributed chiefly 
absorption the chemical the suspended matter the water. 
evident from the foregoing that the coloring matter water also 
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absorbs certain amount chemical, though not just the same man- 
ner. For example, when grain per gallon was used decolorize 
water which had color 75, the reduction alkalinity was only 
84% the theoretical amount. this case the coagulant was not 
lost, course, was doing useful work precipitating the color- 
ing matter; but, inasmuch the precipitate formed this reaction 
has been found experiment far less efficient coagulating 
the suspended matter than aluminum hydrate, follows that 
more coagulant required clarify colored water than water with- 
out color. 

When water both colored and turbid the problem becomes 
complicated one. the water has alkalinity the aluminum sul- 
phate part absorbed the suspended matter and part the 
dissolved organic matter. The precipitate formed the latter case 
has but little coagulating effect, shown the following experi- 
ment: non-alkaline water which had color 200 and 
parts per million the silica scale was neither clarified nor de- 
colorized the addition 2.5 grains aluminum sulphate per 
gallon, although the same water without turbidity was decolorized 
1.3 grains, and water the same turbidity, but without color, was 
clarified using less than grain. 

colored turbid water has sufficient amount turbidity the 
action that takes place follows: Part the aluminum sulphate 


absorbed the suspended matter and practically wasted; part 


unites chemically with the coloring matter and lost coagu- 
lating agent, although doing useful work, part decomposed 
the carbonates the water, with the formation aluminum 
hydrate; this hydrate part unites with the coloring matter and 
lost coagulating agent, while the remainder acts true coagu- 
lant, coating the suspended particles and uniting them into flocs. 

rule, turbid waters are not high-colored, although the occur- 
rence turbidity and color the same means un- 
known. The Hudson River Albany certain seasons the year 
contains considerable coloring matter addition its turbidity, and 
the water from swamps often somewhat turbid after heavy rains. 
The effect turbidity upon decolorization therefore little 
practical importance. Unfortunately, the data for measuring this 
effect are not hand. Certain facts bearing upon the question, how- 
ever, have been noticed. amount aluminum sulphate 
necessary add enough cause almost complete precipitation 
the coloring matter before any action observed. And the case 
water which both colored and turbid necessary add enough 
coagulant both clarify and decolorize before any action observed. 
other words, practically speaking, impossible decolorize 


| 
{ 
| 
| 
= 
| 


water this method while remains turbid, clarify water Mr. Whipple. 
while remains colored. Enough coagulant must added pro- 
duce both results the chemical will wasted. the absence 
more reliable data upon this point may stated rule 
for estimating the amount coagulant required that order de- 
colorize water about 0.1 grain aluminum sulphate per gallon 
must added for each parts color, and that about one-half 
this active coagulating agent. With turbid waters the amount 
suspended matter usually determines the amount coagulant re- 
quired, but when the color above the amount coloring matter 
likely the controlling factor. 

most the experiments upon decoldrization previously referred 
was observed that the water was seldom left absolutely colorless; 
there was usually certain amount residual color even after coagu- 
lation and filtration. Usually, this did 10, amount 
which may practically disregarded. When, however, the color 
the raw water was more than 200, the residual color became important. 
For example, water which had color 300 left residual color 
after treatment with 6.5 grains per gallon. some cases this 
residual color could removed second application aluminum 
sulphate, but other cases resisted completely the action this 
coagulant. Inasmuch the residual color usually had marked 
greenish hue may suspected that ferrous iron was present, and 
that this some way prevented the action the aluminum. Inas- 
much these very high-colored waters are seldom met with such 
quantities that they would used public water supply this sub- 
ject has theoretical rather than practical interest. 

Temperature has considerable effect upon the amount alumi- 
num sulphate required decolorize water, and upon the rapidity 
with which the action takes place. This illustrated Table No. 


TABLE No. TEMPERATURE UPON THE DECOLORIZATION 


Temperature. Amount Aluminum 


Time required for 
(Fahr.) grains per gallon. precipitation. 


well-known fact that the viscosity water decreases with 
its temperature. Warm water will pass through filter more rapidly 
than cold water, and, for the same reason, particles suspension 
warm water will settle more rapidly than cold water. 
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Other substances than aluminum sulphate have been suggested for 
use for example, potash alum, ferrous sulphate, ferric 
sulphate, ferric hydrate prepared various ways, etc. These appear 
have advantage over aluminum sulphate, however, point 
economy. may observed that the iron salts not combine 
directly with the coloring matter the water form precipitate, 
does aluminum sulphate. The use permanganate potash has 
been suggested, but the slowness with which the action takes place 
objection its use most cases. 

Decolorization the Use Chemicals are many 
chemical substances which will act the coloring matter water. 
general, acids reduce the color, while alkalies increase it. Acids 
not effect complete decolorization, however, and are practical 
use except reducing the alkalinity the water previously men- 
tioned. 

The use ozone has been advocated, and certain cases may 
the future find practical application. Comparatively little, how- 
ever, known its efficiency cost. The use the hypochlo- 
rites calcium and sodium and peroxide chlorine has also been 
suggested. These are proprietary processes which embrace also some 
form rapid filtration straining. general, however, may 
said that the decolorization water the use chemicals alone 
does not appear promising the use some form co- 
agulant connection with rapid filtration. 

Mr. Whipple says, purely question. Color does not 
affect the wholesomeness the water, nor, general, its usefulness 
for mechanical purposes. Pure water colorless, or, more 
exact, has extremely light blue color. Waters carrying certain 
vegetable matters solution are discolored them, and although 
the coloring matters commonly found waters are similar to, not 
identical with, the coloring matter tea, and are absolutely harmless, 
most people prefer that water should not carry the visible evidence 
the presence foreign matters. 

The classification the means removing color which Mr. 
Whipple has given interesting, but one point least 
might carried further with advantage. The chemical processes 
decolorization might divided into two classes, namely, those 
which the coloring matter coagulated precipitant and removed 
insoluble form, and those which oxidized and destroyed. 
these, the first, coagulating processes, are the only ones which 
have been practically successful thus far. Sometimes these processes 
are open objections which would avoided the use the 
oxidizing processes. The chemical oxidizing processes consist the 
application some powerful oxidizing agents, capable destroying 


the coloring matter. Ozone, permanganate, and compound Mr. Hazen. 
chlorine and oxygen have been used. These processes, course, are 

different from the natural oxidizing processes, which the coloring 

matter destroyed under the action sunlight, without chem- 

icals. curious fact that the coloring matter water yields rather 

easily chemical oxidation, although one the most difficult 
substances oxidize nitrification filter. .The decolorization 

water these chemical oxidation processes, although yet 

entirely experimental state, offers reasonable promise practical 

results the future. 


Soper, Assoc. Am. Soc. E.—Some remarks made Mr. Soper. 
Mr. Whipple and Mr. Hazen suggest that might interest 
refer one line the inquiry made the speaker into the means 
decolorizing water. Mr. Hazen, more particularly than Mr. Whip- 
ple, emphasized the fact that oxidation plays important part 
the decolorization water. might said that the presence 
color, very large extent, due imperfectly oxidized organic 
compounds. Nature, good deal oxidation place the 
water percolates through the soil, and ground-water found 
very generally free from color. the principles which operate 
Nature make such waters free from color have been applied the 
slow filtration water, with the result that oftentimes very consid- 
erable removal color this process. 

Some years ago, many will remember, aeration was proposed 
for the removal color because was thought that the oxygen the 
air would have direct action upon the organic impurities, would 
oxidize them and destroy them, burn them up, was ex- 
pressed. Later, was found that such oxidation proceeds chiefly 
through the agency bacteria, and that, beyond insuring the presence 
small amount oxygen, there was advantage aerating 
water, far favoring oxidation was concerned. 

Although well known that the principal source color 
water supplies due substances which have been extracted from 
vegetable matter, and that water containing objectionable stains are 
often derived from swampy ill-drained districts which there 
heavy growth plants, shrubs trees, the study the cause color 
has not progressed far enable definitely name the chemical 
compounds which are responsible for the trouble. Interesting they 
would be, investigations into the constitution such matters belong 
field chemistry which has not yet been thoroughly cultivated. 
Practically, all can say with positiveness that color due the 
extractives woody fibers which life has been destroyed and which 
are ready, have already begun, make progress toward oxidation. 
Complete oxidation the ultimate fate these matters Nature. 
When oxidation carried its farthest point, coloring matters 
organic origin are destroyed. 
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The most universal objection colored water supplies lies their 
unpleasant appearance. may range depth from degree 
which hardly perceptible hue which can compared with 
strong tea. Dark-colored waters are uninviting and frequently repel- 
lant, especially those unaccustomed their use, but they are not 
necessarily injurious health objectionable for use steam 
boilers. From these facts inferred that colored waters are 
objected only grounds minor consequence, color ranking 
importance considerably below bacterial impurity, turbidity, iron, 
hardness and odor. Consequently, doubtful desirable 
place limit upon the amount color which should consider per- 
missible public water supply. standards can seldom 
set.up with any assurance that they will universally agreed to, and 
there seems other reason consider limit necessary. Upon 
grounds practical expediency, therefore, the writer thinks inju- 
dicious attempt establish mark. 

these remarks has been assumed that the existence color 
without other impurity has been the subject under consideration. 
Where color exists along with other qualities which tend make 
watersupply subject becomes complicated and extends 
beyond the range brief discussion. comparatively small amount 
coloring matter when accompanied with turbidity, far 
more objectionable than the same amount water otherwise clear. 
The reasons for this properly belong broader topic. 

While the nature the origin color water suggests that 
most cases may much more readily prevented than cured, there 
are several practical ways for its elimination. Unless present 
excessive degree practicable remove color from drinking- 
water supplies natural and artificial means. has been observed 
that reduction color may effected open reservoirs, provided 
the water not stored too great adepth. Experiments have been 
made which show that sunlight the important cause this reduc- 
tion. The action apparently similar the bleaching dampened 
linen when the latter exposed the direct rays the sun. The 
bleaching linen considered due the oxidation the 
organic matter which discolors the goods, and not improbable 
that the bleaching vegetable color reservoirs all due oxidation 
also. 

The passage water through the ground through slow filters 
has for one its objects practical removal color. The amount 
varies with the rate percolation and the amount color originally 
present. Part the coloring matter removed under such circum- 
stances finely divided solid condition and extracted mechan- 
ically. The dissolved matters which make the remainder the 
color are probably oxidized through the activity micro-organisms. 
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The most effective process commonly used for the removal color Mr. Soper. 


coagulation. Alum its equivalent used bring together the 


solid particles coloring matter and destroy that part the re- 
mainder which solution. serious objection coagulation, 
however, lies the necessity for removing from the water the vo- 
luminous precipitate which results from the use coagulating 
chemicals. Settling basins filters, both, have used 
accomplish this purpose, and such structures generally require 
extra pumping the whole supply. When necessary add 
lime other alkali bring about proper action the alum, this 
process color removal open further objection. 

well known, charcoal, coke and analogous substances have 
the power absorbing large amount color. Sugar refineries use 
charcoal filters removing brown stains from sugar juices. Expe- 
rience the present time, however, indicates that the use such 
materials not practicable upon the scale required for municipal 
water-works, owing the necessity renewing revivifying the 
absorbent. Consequently, beyond the introduction filters designed 
purify few thousand gallons water per day, charcoal and other 
absorbing substances have not satisfactorily used water puri- 
fication. 

might seem that the use peroxide chlorine, bromine, per- 
manganate potash, ozone, all which have been recommended 
recently for the sterilization drinking-water, might advantage- 
ously used remove color. chemicals are powerful oxidiz- 
ing agents, and would, without doubt, strongly attack the organic 
substances which give water the appearance color. will suffi- 
cient describe the method applying ozone, since many considera- 
tions make this method the most suitable the chemical processes 
for the removal color oxidation. 

The purification water ozone has for its object the direct and 
immediate destruction organic impurities combination their 
elements with oxygen. was formerly supposed that the simple 
aeration water, bringing the oxygen the atmosphere into con- 
tact with the impurities, tended destroy them. this principle, 
fountains, jets and falls were arranged many water-works order 
aerate the waters thorough manner. was found, however, 
that atmospheric oxygen too stable and inert unite rapidly with 
organic matters. assistance sunlight some life process, 
such that bacteria, for example, doubted many whether 
such combination can take place. Under the most favorable circum- 
stances the natural oxidation organic matter very slow process. 

The purification water ozone properly lays claim the 
advantages which were formerly thought belong aeration. 
this treatment, portion the oxygen the air converted into 
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active condition which enables unite with organic matter imme- 
diately and without the aid bacteria sunlight. consequently 
possible, bringing water containing not only color, but odor and 
micro-organisms, into contact with ozone, destroy these impurities 
and mineralize them. 

There are many features which distinguish sharply the ozone 
method from other chemical processes oxidation for 
the purification water supplies. Ozone not soluble water, and 
cannot any chance have injurious effect upon those persons 
who may consume the latter. over-dose were accidently applied 
the water, the residue would escape into the air and wasted; 
there residue. Ozone oxygen, and only oxygen, and becomes 
atmospheric oxygen not used immediately after produced. 

The apparatus for its application less elaborate and expensive 
than that required for filtration. Extra pumping not necessary. 
There cleaning done. Whatever cost involved the 
construction ozone plant chiefly confined the machinery 
required ozonize the air. The cost operation chiefly the cost 
few horse-powers electric energy. grams ozone, 
may obtained per cubic meter air. From grams 
may produced per horse-power energy. For sterilization, water 
requires from parts ozone per million parts water, 
other words, about kilos, lbs. ozone per million gallons. 

any one who may doubt the practicability producing ozone 
large scale, may said that the total capacity works 
operated manufacturing chemical company which the speaker 
has knowledge, fully ton ozone This should 
cient sterilize 000 000 galls. per twenty-four hours. 

conclusion, the writer considers that the main principles upon 
which depends the successful use ozone purifying water are fairly 
clear. The sanitary value ozonization has been declared the 
official publication the Pasteur Institute France and the Imperial 
Board Health Germany. The International Congress Hygiene 
and Demography, which met Paris last year, discussed the subject 
favorably. Descriptive papers, read before engineering and water- 
works associations several countries, have recommended ozone. 
With the hygienic value the process thus fairly proved, the ques- 
tion apply ozonization purifying water that may 
economical. This engineering proposition, and one which not 
likely wait long for practical application America. 

GEORGE Assoc. Am. Soc. E.—The discussions 
the preceding speakers seem cover the leading information now 
available upon this topic very comprehensive manner, and leave 
very little which can added general terms. 

well known, this subject quite new, comparatively speak- 
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ing. one phase which attention might called. Mr. Fuller. 


That is, the practical significance the subject this time not 
normally related those water supplies which are satisfactory all 
ways except occasional moderate excess color. deals with the 
consideration which given the matter connection with 
the development new supplies, and the general improvement and 
extension existing works, that the result will meet satisfactorily 
the criticisms the future. 

This question very largely one. There doubt 
that the average water consumer better satisfied with colorless 
than with colored water. the years come, seems certain 
that the preference will become sufficiently pronounced many 
cases, that citizens will insist upon the decolorization their water 
supplies, process which ordinarily involves only very small cost, 
when expressed annual per capita charge. 

The general views which have been expressed, along this line and 
also that methods color removal, the gentlemen who have pre- 
ceded the speaker, coincide very closely with his own. There only 
one point, among those which have been mentioned specifically, which 
has any comments add this time. That refers the amount 
chemical treatment which necessary for the removal 
quantity color, the instance those colored waters which cannot 
practicable manner rendered satisfactory appearance the 
elimination swamps upon the water-shed, the bleaching action 
that found large reservoirs. 

general proposition, may said that the amount sul- 
phate alumina, when chemical decolorization used, which must 
added water, effect substantially complete removal the 
color, approximately the ratio 2.5 grains per gallon for 
color 100, according the platinum standard, stated Mr. 
Whipple. Casual observations along this line have been made from 
time time upon quite number waters coming from various 
sources throughout the country. There very little this informa- 
tion, however, which has been obtained large scale this 
time, the purification plant Norfolk, Va., being, the speaker 
believes, the only one where such records are systematically secured. 
While majority cases the waters studied have given results 
which are within reasonable accord with the above-stated rule, 
noted that some waters seem form exceptions this respect. 

connection with some investigations which are being made 
New Orleans, comparing various local waters there, for adaptation 
new supply, some attention has been given the color the 
water obtained from deep wells. wells are some 600 800 ft. 
deep. The waters contain very little suspended matter, rule, 
there being apparently some parts per million suspended 


Mr. Fuller. 


Mr. Maignen. 
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organic matter. color the waters are high, the amount ranging 
ordinarily from about 150 350, platinum scale. The alkalinity 
also high, due alkaline carbonates and not lime and magnesia. 

conjunction with Mr. Weston, the resident expert charge 
the New Orleans investigations, the speaker has given some study 
the amount sulphate alumina necessary for the decolorization 
the local well-water. The leading results these studies are sum- 
marized Table No. 


TABLE No. 5.— EXPERIMENTS UPON THE DECOLORIZATION 
WATERS FROM WELLS NEw ORLEANS. 


PARTS PER MILLION. | GRAINS PER GALLON OF SULPHATE OF ALUMINA. 


decolorize. effect begin- 

Platinum removal from 
Standard. Original Water after original water. 
water. neutralization. 


detailed comparison these data with those presented Mr.. 
Whipple, may, perhaps, bring out some points interest. Ina gen- 
eral way, may said that they not seem variance with 
his explanations and theories. The New Orleans well-waters appear 
have some cases individuality their own, especially when 
compared with surface-waters, connection with the treatment 
question. How far this due the composition the organic 
the mineral contents the water, combination the mineral 
and organic matters, point which cannot now settled. What- 
ever the relative significance the several factors may be, some 
practical importance know that some waters, proportion their 
color, are decolorized with much more difficulty than others. 


Assoc. Am. Soc. E.—In order judge 
whether necessary decolorize water there should clear 
conception what that gives the color. 

assumed that the class water now under consideration 
that which flows the rivers the Eastern States and those along 
the Atlantic Coast this country, and which also the same class 
that found Russia, Germany, Holland, Scotland, Ireland and 
many other places both continents. 

good type this water flows the Black River Watertown. 
glass perfectly transparent, but looks like bright light tea. 

has been said that this color solution, because neither filter 
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tion does not prove that the color not due molecules suspen- 
sion. simply proves that neither paper nor sand nor porcelain 
filters are fine enough retain them. 

The Neva water St. Petersburg the summer, the Seine water 
Paris the autumn, the peaty waters New York State and many 
other places, show that what gives color and odor such waters not 
some unknown liquid substance, but that due clearly defined 
molecules vegetable and animal matter decomposition, capable 
being seen with the microscope and isolated proper filtration. 

many places the natives attribute these waters fevers and 
dysentery troubles and shun their use public danger, preferring 
drink well-waters, which are often worse but which not give 
ocular evidence contamination. therefore concluded that all 
colored waters ought decolorized. 

Decolorization has been accomplished lately this country coag- 
ulation and filtration, but this system expensive and unsatisfactory. 
There are two filtering materials which are capable removing the 
color peaty waters without the use coagulants. They are asbestos 
and charcoal. 

Asbestos efficient because the fibers, and therefore the voids 
between them, are indefinitely finer than those filtering paper, sand 
porcelain filters. filtration through these substances all color 
and odorcan removed. not due some chemical physico- 
chemical action, but purely physical action fine filtration. 

The qualities charcoal absorbent gases and color have 
long been known. Nothing has been found capable replacing 
sugar refining. The speaker has found that will remove the color 
and odor peaty waters well organic matter solution and 
dissolved metallic salts, such lead, iron, copper, ete. 

This quality has been sometimes attributed physico-chemical 
action and sometimes molecular attraction. This point will not 
discussed here. Suffice say that sand and porcelain filters the 
units that make the filters are solid non-porous. charcoal, 
the contrary, each unit honeycombed infinite number 
microscopic channels. While the former materials the filtration 
takes place the voids meshes, the latter goes through the 
whole mass, through each unit well between the units. What 
goes more the nature dialysis osmotic action. other 
words, extremely fine kind filtration which much more 
intense than through non-porous material. 

the experts filtration this country belongs the task 
finding out how the charcoal should used. The speaker obtains 
the best results depositing layer finely powdered charcoal 
asbestos cloth; but there are many other ways using charcoal for 


paper nor sand nor porcelain filters can it. This demonstra- Mr. Maignen. 
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Mr. Maignen. the purpose decolorizing water. will certainly found that 


there more purifying power one ounce charcoal than many 
ounces other filtering materials. 

Objections charcoal have been raised London, and echo 
these objections contained Mr. Whipple’s discussion, but the 
speaker believes that these objections are not the slightest degree 
justified careful inquiry. 

has been stated, first London, that charcoal favorable 
the growth micro-organisms.” This statement has been based 
upon experiments made Dr. Percy Frankland and recorded his 
book* under the heading Efficiency Different Filtering Materials.” 
There may found the following table: 


PER 


CENTIMETER. Approximate 
Reduction rate filtra- 
Filtering material. tion per 
Filtered per cent. foot 
water. water. per hour. 
Tron 
sponge. ist experiment........... 100.0 
after 
days’ 800 100.0 0.40 
experiment, after 
month’s action......... 280 99.8 0.45 
Too numer- 
Animal 
ist experiment......... ous 100.0 
charcoal. count. 
experiment, after 
days’ 800 100.0 0.46 
experiment, after increase 
month’s 280 000 447. 0.86 


will observed that the second and third experiments with 
both iron sponge and animal charcoal, Mr. Frankland applied the 
same water, but did not the first experiment. 

The water applied the iron sponge filter contained only bac- 
teria, while that applied the animal charcoal filter contained bac- 
teria numerous count.” This ought have thrown the whole 
experiment out consideration. 

Another fact will observed from this table. Where found the 
increase the number bacteria, the speed filtration was doubled, 
being 0.86 gall. per square foot per hour instead 0.45 0.46 the 
other experiments. This surely ought have made impression 
Dr. Frankland. The filter must certainly have been broken other- 
wise damaged, and ought have begun his experiment over 

Other experiments have since been made, but, like those Dr. 


Micro-organisms Water,” 1885. 
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Frankland, they have not been carried long enough any mr, Maignen. 
real value; the contrary, they serve confirm the original error, 
will shown. 

Table No. record series experiments ascertain the 
exact efficiency charcoal removing bacteria. Three small filters 
were installed, each containing the same quantity and the same char- 
coal (Carbo-Calcis), have check. The precaution was 
taken use during the first month the experiment filtered water 
which was practically sterile, containing generally less than bacte- 
ria. During the first three four weeks the effluent from each the 
three filters had very large number bacteria. These bacteria 
did not come from the water, the water applied contained few, 
but from the charcoal. How did they get the charcoal? Simply 
from the air which entered the pores cooling after burning. 

Readers Tyndall’s book, ‘‘Floating Matter the Air,” will 
remember his most interesting statement concerning grown-up bac- 
teria and dry spores. showed that required certain period 
incubation water for the growth and development the spores, and 
found that was necessary boil the water three times inter- 
vals order get rid all the germs, they could not destroyed 
single boiling. 

During the first period use charcoal filters the dry spores 
which fill its pores gradually grow into bacteria and are carried out 
the filtered water. must remembered that the charcoal 
contains least fifteen times its volume atmospheric air, and 
therefore, considerable quantity dry dust with hence that 
water going with bacteria comes out with 000 000. 

these experiments will seen that has taken fully one 
month daily use free the charcoal what may called Con- 
germs bacteria. Anyone starting such experiment 
and stopping the end week, fortnight three weeks, would 
justified condemning charcoal, but persevered beyond the 
month would find all the excellent qualities charcoal bac- 
terial filtering material. 

soon the filter was found ripe, deprived its con- 
stitutional bacteria, October 17th, raw water with many bacteria 
began introduced. The filtrate the three filters remained 
practically sterile. 

From September 10th December 15th the supply the filter 
was intermittent. Water was put oncea day. Then the operation 
was suspended until December 24th and the filters were placed under 
running water from the tap that they filtered day and 
will seen that the results remained thoroughly satisfactory. These 


results will show the advantage perseverance and the danger 
basing conclusions insufficient data. 
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Mr. Maignen. TABLE No. EXPERIMENTS MADE ASCERTAIN THE 


WATER USED. FILTERED THROUGH 


Filter No. Filter No. Filter No. 


cubic 


per 

centimeter. 

bacteria per 
cubic centimeter. 


Total number bac- 
bacteria per 


Examination. 
Liquefying. 
Total number 
Liquefying. 
cubic centimeter. 
bacteria per 
cubic centimeter. 


Sampling. 
Total number 


Total number 
Liquefying. 


Liquefying. 


noon 


AS 


DIDO 


mt TBO 


oo 
ooo 


a 


DaTEs. 
Sept.10 360 276 520 
180 
032 
Oct 
460 
200 
120 
1060 
180 
190 
q 


Filter No. 


Filter No. 


Carbo-Calcis. 


Filter No. 


TABLE No. 6—(Continued). 


ATER USED. 


-08q jo [830], GR CR CVAD OD 


m 


Papers.] 


| 
140 
14 17 100 
160 
200 
270 
210 
400 
230 
800 
230 


Mr. Maignen. 


Mr. Chester. 


TABLE No. 


USED. FILTERED THROUGH Carbo-Calcis. 
Filter No. Filter No. Filter No. 
3.8 
— 
5 9 12 030 490 3 0 5 0 1 0 
6 11 12 276 500 0 0 4 0. 1 0 
11 15 9 030 110 0 0 1 0 4 0 
26 3 8 160 160 2 0 5 0 3 0 


senting, most part, private, quasi-public, corporations delivering 
water municipalities, the speaker probably placed under ban 
more strict than that over the municipality which furnishes water 
itself, engineer for corporation furnishing water itself, 
and can only emphasize the necessity, from his own standpoint, 
removing all color. Color gives just much trouble turbidity, 
and the municipality buying water from private corporation will 
not, can help it, tolerate either. the methods removing 
color, one method will not fit all cases, and, while the theory ad- 
vanced Mr. Maignen that color may not solution, but abso- 
lutely suspension, and one which had not occurred the 
speaker before, yet the fact that such color suspension has 
always been proved the absence any precipitate after allowing 
the water stand for days and weeks absolutely clear vessel. 
Nevertheless, has been possible remove color suspension, 
except that caused tan bark tannin, water taken from the 
fore back bay where logs were lying, from the river which 


| | 
| 
‘ | | | 
| 
| 
| 
| 
| 


DISCUSSION DECOLORIZATION WATER. 763 


there are periodical log drives. has been found that most that Mr. Chester. 
color can coagulated and removed the use chemicals, while 


other waters the very same chemicals, any proportion, failed 
remove the color. 


Am. Soc. E.—Mr. Whipple, opening Mr. Stearns. 
the discussion upon this topic, has covered the ground very thor- 
oughly, that the speaker can add nothing interest the general 
discussion methods, and will therefore confine his remarks work 
now progress which relates the decolorization the water supply 
the Metropolitan Water District Massachusetts, which includes 
the City Boston and seventeen other cities and towns. 

The streams formerly used the main sources supply the 
City Boston derived sufficient proportion their water from 
swamps give brownish tinge, and the average color the water 
the streams was about 90, the scale used Mr. Whipple. 
part—approximately one-third—of this color was removed storage 
the reservoirs. 

selecting new source supply for the Metropolitan District, 
care was taken, the first instance, select drainage area hilly 
country where there was less swampy land and where the water had 
naturally only about one-half the color the streams supplying the 
City Boston. Notwithstanding this precaution, two measures were 
adopted for decolorizing the water: 

The construction extremely large storage reservoir, from 
which all soil and vegetable matter are removed, which the 
water will remain long enough bleach. 

The drainage swamps drainage ditches located near their 
borders, intercept the upland water and prevent from entering 
the swamps. 

The Wachusett Reservoir, now under construction for the storage 
and bleaching the water, will hold amount water equal 
533 000 000 galls. per square mile drainage area. This far 
excess the usual practice; for instance, the storage the City 
Boston its principal water-sheds, 1897, was equivalent 
000 000 galls. per square mile water-shed, only about one-sixth 
the amount furnished the Wachusett water-shed. 
express the storage the Wachusett Reservoir another way, may 
said that equivalent the average flow the streams for 
years. 

The drainage swamps for the purpose diminishing the 
amount color and organic matter water somewhat novel, and 
may interest refer some detail the work which has 
been done this line the present time. 

portion the Sudbury water-shed, having area 27.68 
miles, which used connection with the new water-shed for 
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Mr. Stearns. supplying the greater portion the water, swamps having total area 


937 acres have been drained the construction 129 510 ft.—equal 
24.53 miles—of ditches. One the swamps, known Crane 
Swamp, nearly large all the others, having area 460 
acres, and this drained 250 ft. ditches. The water-shed 
the swamp, including the swamp area, 2.9 sq. miles. 

account the extent the work, was very desirable 
adopt form ditch which would inexpensive, maintain its form, 
easily cleaned, and concentrate the flow that leaves and other 
light substances would carried along the current. The form 
adopted shown Fig. 


6CALE OF FEET 


SECTION OF SWAMP DRAINAGE DITCH 


There wooden bottom made hemlock board ins. wide. 
and thick, lengthwise the ditch, and temporarily secured 
nailing 4-in. sills, ft. long. each side the hemlock 
board placed triangular strip, formed sawing 4-in. spruce 
joist one its diagonals. These are rabbeted the right-angled 
corner, that they lap about the hemlock board, and are 
expected hold place after the nails have rusted away. The 
inclined sides these triangular strips furnish convenient footing 
for light paving, which carried the sides the ditch far 
ordinary water level the spring the year. Above this the slopes 
earth are grassed. 

All ditches, whatever depth, have the same cross-section the 
bottom, and very easy matter clean them. Near the mouths 
the more important ditches large settling basins have been 
constructed, intercept leaves and other substances carried along 
the ditches the current. ditches are all constructed below 
the swamp level, expected that the bottom board and the greater 
portion the strips the sides will covered with water all 
times, that the wood will not decay; but they have not yet stood 
the test time. They seem very efficient. 

Including work done upon the Wachusett water-shed, 069 acres 
swamp have been drained the construction 144 558 ft. 
ditches. The cost, including the purchase portion the land, 
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the lowering and rebuilding several road culverts, and the engi- Mr. Stearns. 
neering expenses not only connection with swamps already drained 
but for many surveys addition, swamps yet remaining 
drained which cannot well separated, amounts $93 per acre 
swamp and cents per foot ditch. labor and materials 
for constructing the ditches, exclusive land and engineering 
expenses, has varied considerably under different conditions, but 
some swamps has been low cents per foot. 
The extent the decolorization indicated Table No. which 
gives the result Crane Swamp and one other swamp. 


TABLE No. FROM CRANE SwAMP AND FROM 


MARLBOROUGH JUNCTION BEFORE AND AFTER 
DRAINING. 


Swamp 
CRANE Swamp. MARLBOROUGH JUNCTION. 
Month. 


Before After Before After 
draining. draining. draining. draining. 
1900. 1894-95. 1900. 


Average, omitting September.... 


water running brook. 


The arithmetical mean the results for eleven months, shown 
the table, indicates the removal 64% the color from the water 
issuing from Crane Swamp and 67% that issuing from the other 
swamp. These results, however, may somewhat misleading, 
because they give equal weight observations made the dry and 
wet months. Moreover, they represent only the comparison two 
years, and well known that different years the color water 
varies very much with the amount and distribution the rainfall. 
After giving due weight the quantity water flowing the dif- 
ferent months, and after making comparison the color during the 
years included the table with the average color for aseries years, 
seems probable that rather more than 50% the color the water 
flowing from these swamps has been removed the ditching. 

other swamps which occupy proportion the water- 
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Stearns. 


Mr. FitzGerald. 


shed the streams which they are located, that more water 
passes through them, the original color was lower and the percentage 
color removed was less; but such cases the improvement affects 
larger quantity water proportion the area swamp drained. 

believed that the two methods adopted, namely, long storage 
clean reservoir and the efficient drainage the swamps, will 
result practically colorless water for the supply the Metropoli- 
tan District. 

Past-President, Am. Soc. E.—The decolor- 
ization water the use chemicals and filtration contact 
with various substances, such animal charcoal, has received great 
deal attention, but there are comparatively few accurate data avail- 
able connection with the decolorization water exposure sun- 
light, and draining the swamps, which are the principal source 
color. 

About ten years ago the speaker began taking observations the 
brooks connection with plans for improving the sources 
supply the City Boston. Experiments and observations were made 
the source color surface-waters, and, the same time, 
method was devised for reading the colors accurately. The results 
these investigations were published largely the reports the Boston 
Water Board. Mr. Hazen’s discovery the Platinum-Cobalt Standard, 
used with accurate colorimeter,* has opened way for the taking 
colors accurately. the Platinum-Cobalt scale the divisions are 
The Nessler scale, the other hand, inaccurate one, may 
seen the following comparison: 


Comparison between the and Natural- Water (or Nessler) Scales. 


0.06 0.13 0.26 0.42 0.57 0.74 0.90 0.99 


The color waters New England generally derived from vege- 
table matter, although some cases dependent upon iron and 
manganese combined with the extractive organic matter. 

Lake Cochituate, during the summer, the water drawn from the 
bottom always darker than that the surface, and increases 
color rapidly after exposure the air. The average five different 
determinations, made between the last August and the beginning 
November, when the water the bottom its maximum color, 
during three successive seasons, showed that the water the bottom 
layers had color collection equal six times that the surface, 
and exposure the color increased twenty times that the sur- 
face. large part this color due the presence iron. 


Such that described the Journal the Franklin Institute, December, 1894. 


While exposed the surface the iron oxidized precipitate FitzGerald. 


ferric hydrate, which falls the bottom, where gives its 
oxygen for the further oxidation organic matter which there 
undergoing decomposition. The iron thus nearly all reduced 
ferrous colorless form, which, its oxidation exposure after 
collection, causes the increase color due its presence the ferric 
condition. contact with organic matter this ferric iron remains 
soluble for time, but finally settles out ferric hydrate, leaving the 
water colorless. 

will thus seen that iron may aid the oxidation purifica- 
tion the water the bottom pond, giving its oxygen. 
Where there insufficient organic matter the water reduce all 
the soluble condition, pond ore will formed the bottom the 
pond. 1892 elaborate investigation this phenomenon was 
made, under the speaker’s direction, Frederick Hollis, and his 
full report was published the seventeenth annual report the Bos- 
ton Water Board. the effects due iron, the color 
surface-waters New England principally due the carbonaceous 
matter derived from the swamps. The water the brooks gener- 
ally clear brownish-yellow and represents mean between the 
extremes the greenish-yellow color imparted freshly decom- 
posing organic matter and the dark brown the older peaty 
materials. all investigations connection with the decoloriza- 
tion water should remembered that besides taking the colors 
the waters they flow the brooks, these colors should 
weighted the amount water flowing. 

well known that water when exposed sunlight for suf- 
ficient length time allits color. This accounts for the color- 
less condition the water almost all large lakes, notwithstanding the 
fact that the streams supplying the lakes may highly colored. 
careful determination the effect the storage large reservoir 
filled the spring and drawn down the summer has shown that 
ordinary practice about the color destroyed. 

1894 some experiments were made under the speaker’s direction 
determine the effects sunlight, and the results, with tables, were 
published the nineteenth annual report the Boston Water Board. 
The following are some the conclusions arrived at: When water 
kept entirely the dark its color remains unchanged. The nitrogen 
albuminoid and free ammonia reduced, and the nitrites and 
nitrates increased the dark, while the sunlight the albuminoid 
and free ammonia and nitrites are increased and the nitrates are 
reduced. found that while the water bleached more the 

than the winter ponds and lakes, the reduction per 
100 hours sunlight practically constant for all seasons the 
year. color varies almost directly with the amount 
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Mr. FitzGerald. 


Mr. 


color present, being each case about 20% the original color. 
takes about 500 hours’ exposure bright sunlight remove all 
the color, but must remembered that this applies water 
entirely exposed large bottles. has generally been found 
practice that water should stored reservoir for nearly two 
years decolorized. During the winter, course, when the sur- 
face frozen over, there little decolorization the water sun- 
light. 

temperature, has been found that heat alone will not reduce the 
color; neither does sedimentation aid the process, least the 
case Boston waters. determine this fact samples water were 
exposed glass jars having discs glass arranged series 
horizontal layers about in. apart. Samples were also exposed 
glass tubes ft. long. 

does not seem probable that the bacteria can have any in- 
fluence color, for the reason that organisms and 
bacteria died out the samples exposed the sunlight well 


those kept the dark. the case water kept bottles 


different colored glass, was found that the color was reduced most 
the white and blue bottles, being about the same both cases, 
while the red and yellow bottles the reduction color was only 
about half great, showing that the blue actinic rays are the 
most efficacious. 

Am. Soc. E.—It appears from this discussion 
that the decolorization water almost exclusively bacterial 
process, and also appears that may effected perfectly the 
ozone process. The two processes have apparently little common, 
and the subject invites further consideration. Slow sand filtration 
might regarded largely bacterial process, since usually 
introduced where water contains large numbers bacteria, and during 
some stage the process filtration the numbers are greatly 
increased; further, they make war upon each other until the effluent 
not only sterile very nearly so, such condition, with respect 
substances upon which bacteria can exist, that expected 
almost every instance that the number those remaining will decrease 
rather than increase. would appear, then, that bacteria could 
decolorize the water, the ordinary sand filter affords excellent 
opportunity secure such beneficial action. But, matter fact, 
the color and vegetable matter are not usually removed great 
extent the use sand filter they are some the processes 
incident mechanical filtration. evident that the removal 
color accomplished perfectly the changes that water undergoes 
become spring-water. true that part the spring- 
water throughout the country has its direct source the rainfall, but 
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also true, proved observations upon many streams during Mr. Dunham. 

times high water, that large numbers bacteria are washed into 

the streams from the soil, and the rain-water after coming from the 

clouds must many instances not only charged with sediment 

from the ground and with color from decaying leaves and vegetable 

matter, but also has fair complement bacteria before finds its 

way into the earth. 

known that few bacteria exist below depth ft., 

which not greater than the depth material many the sand 

filters commonly use. There are reasons for believing that the 

water loses considerable amount vegetable matter passes 

through soil which does not contain bacteria any considerable 

numbers. Evidence proof this may cited the quality 

spring-water and the microscopical examination fine material 

taken depths many feet the earth, asin mines. This material 

has been found consist extremely minute particles vegetable 

matter which have been identified with vegetable substances existing 

upon the surface. Without making use this argument 

indicate the degree improvement, possible that such consid- 

erations might lead the suggestion that greater depth filter bed, 

which would not add greatly the cost filter plant, might 

such value warrant its introduction where the raw water was 
very highly colored. 

The change that water undergoes when large body, one 
our great lakes, may more like ozone than bacterial process. 
going out from shore the number bacteria usually diminishes 
very rapidly, and comparatively short distance number, generally 

recognized normal, may expected, but from facts which the 
speaker has had access, the vegetable matter the water does not 
diminish like ratio. The distant middle portion such body 
water, when compared with intermediate points near the shore, will 
show quite regular change gradation the amount vegetable 
matter. Further than this, shown Rafter’s examinations 
Lake Erie water, the quantity vegetable matter the middle the 


lake increases quite rapidly with the depth, and this natural 

inference attribute the reduction amount vegetable matter 

the the atmosphere upon the water, although certain 

seasons, when temperature controls the vertical movement the 
water, this may not hold true. 

would seem, then, that natural process, partially bacterial and 


L 

the soil, effects the decolorization water land, and that natural 


increased perfected the continued movement water through 
process, something like the ozone process, quite degree effective 
without great assistance from bacteria when the water exposed 


the atmosphere considerable body, lake large reservoir. 
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Consumption Water Municipal Supplies and the Restric- 
tion Waste.” 


WINE, Jr., JAMES OwEN, 


Am. Soc. E.—This topic apparently old 
and hackneyed, but, consequence the rapid increase our urban 
population, the exhaustion growing pollution conveniently situ- 
ated sources water supply, and the greatly augmented costs 
securing additional supplies irreproachable quality, the questions 
consumption and waste water often become paramount economic 
issues our large cities, and their intelligent discussion scientific 
societies from time time sure interest not only the 
members, but also the public. New points view are likewise de- 


The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
the Society for further discussion. (See Rules for Publication, Proceedings, Vol. xxv, 


Communications this subject received prior September 28th, 1901, will 


later number Proceedings, and, subsequently, the whole discussion will 
published Transactions. 
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veloping with greater experience and study, whereby convictions Mr. Kuichling. 
opinions which were formerly regarded well founded may now 
modified changed; and, many our members have doubtless 
accumulated valuable data relating the topic since was last 
7 


formally debated them, earnestly hoped that they will kindly 
present the same this occasion. 

the sharp definition the terms used greatly facilitates the con- 
sideration any subject, becomes desirable for each speaker state 
clearly possible what understands includes the expres- 
sions and This very necessary, inas- 
much certain items consumption may fairly regarded 
legitimate use one case, and unjustifiable another. Ample 
evidence this fact afforded the perusal many old and new 
papers the subject waste prevention. Usually, waste asso- 

ciated almost exclusively with the supply families, and little said 
about the quantity taken manufacturers various branches 
industry. This may due following inferences drawn from Euro- 
pean cities, where much the water used manufacturing obtained 


from private sources, may arise from the circumstance that the 
service pipes for domestic uses greatly outnumber those for industrial 
purposes, and, the multiplicity household fixtures and faucets, 
afford greater opportunity for waste. the other hand, often 

the case that single manufacturing establishment will consume daily 
more water than required for the domestic uses hundreds even 
thousands people, and little attention given the question 
whether large percentage such water not wasted. 

Inquiries the latter kind are rarely encountered, pre- 

sumed that all manufacturers are served meter and will voluntarily 

seek reduce their water consumption the lowest practicable 
limit. the speaker, however, lead him the con- 

clusion that this view erroneous, and that many industries great 

reduction the quantity taken from the public water supply can 
readily effected comparatively small cost the consumer. 
Especially was this true places where the water rates were relatively 
high, and private supply suitable quality for manufacturing pur- 
poses could obtained from wells conveniently located streams, 
with considerably less annual expense than was incurred for the use 
the public supply. The chief objection manufacturers such 
private water plants their initial cost and the trouble intelligent 
supervision; but the consumer can assured some assistance 
the latter direction from the officer charge the public water-works, 
much the difficulty will surmounted, and existing costly 
potable supply can conserved for considerably longer period 


time than would otherwise possible. 
The terms consumption” and waste” accordingly need sharp 
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definition. the former, the quantity water taken from the 
source commonly understood, and hence becomes subject vari- 
ous losses transit and storage, well inaccuracies original 
estimation measurement. Where pumping engines are used 
meters, large differences are often found between the actual delivery 
and that which computed from the number strokes made the 
pistons plungers. Similarly, the case gravity supplies, the 
discharge aqueducts pipe conduits frequently much less some 
years after the completion the works than was the outset; and 
both cases notable variations discharge may occur different 
seasons the same year, independently possible leakage transit. 
The loss from storage and distributing reservoirs likewise impor- 
tance, well the leakage the system distributing pipes, stop- 
valves and fire-hydrants. The sum these items often large pro- 
portion the assumed estimated total quantity taken from the 
source before the water reaches the consumers, and should properly 
deducted before computing the consumption. the cases where 
such deduction made care should taken note the fact. 

The term waste,” the other hand, frequently applied all 
water consumed beyond certain per capita quantity, which gener- 
ally determined more less arbitrary comparison the 
consumption number communities, regardless whether 


similar conditions prevail therein, and also the quantity last 


transit from the source the consumer. Strictly speaking, however, 
waste should considered only the excess above legitimate 
reasonable use, and this definition once opens wide range for 
debate, since that which looked upon reasonable use one place 
may treated waste another. The public policy the commu- 
nity, with respect manufacturers, well the economical mainte- 


nance the water pipes and fittings buildings, are therefore factors 


which can fairly taken into account, along with the cost obtain- 
ing the required supply. other words, system public water- 
works may sometimes regarded means promoting the rapid 
growth community, and adding largely its wealth making 
manufacturing center, instead being treated only 
sanitary necessity and means for extinguishing fires. The definition 
thus depends greatly the point view, and this 
turn largely influenced the cost obtaining increasing the 
supply. 

city situated that the expense securing abund- 
ance potable water relatively great, the legitimate uses the 
supply amd the restrietion waste should obviously receive the most 
careful consideration. cases, becomes important know 
what limits can fairly placed the domestic consumption order 
leave much possible for industrial uses; and, similarly, 
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knowledge the necessities the various industries required Mr. Kuichling. 


order prevent the abuse existing projected system works. 
The same also true where the available sources supply are 
limited magnitude, the case with the great majority cities. 
Relatively few the large cities Christendom are located 
command access practically boundless quantities fresh water 
proper degree purity, are wealthy able incur the 
cost conveying such water from very great distances. Lavishness 
consumption therefore evil most cases, and the arguments 
means for abating it, far practicable and reasonable, deserve 
the widest publicity. was tersely stated able paper* this 
subject the late Charles Brush, Am. Soc. E., presented 
thirteen years ago: 

amount water that can used limited; the amount 
cities and towns increase their water supply plant keep pace 


with their waste hopeless task. amounts the same thing 
trying fill pail which has only sieve for bottom.” 


The usual prescription for the water-works authorities city 
town wherein excessive consumption occurs apply meters 
every service pipe. This treatment implies that the water which 
sold measure not wasted used unnecessarily, and that the 
economical instinct each consumer aroused and maintained 
activity the knowledge that the meter keeps true record all the 
water drawn his premises. sometimes happens, however, that 
the same instinct leads positive waste when the cost preventing 
such unnecessary draft greater than the value the water; and 
follows that order protect the works from abuse, the consumer 
should compelled place his water appliances such condition 
prevent waste, notwithstanding his entire willingness pay for 
the water drawn him. The application meter, therefore, 


not sufficient such cases, must supplemented the estab- 


lishment measure reasonable use. 

instructive instance this kind afforded the occurrence 
severe cold many our Northern cities, such occasions 
the practice allow some run waste during the night 
unheated rooms premises order prevent the service pipes from 
freezing, and during this period the aggregate normal consumption 
greatly increased. few thousand gallons thus wasted each 
consumer week two amounts insignificant sum the 
usual rates, whereas the heating appliances for rendering such draft 
unnecessary may cost him large amount may even impracti- 
cable. This condition often exists the great majority the build- 
ings our smaller cities, and when the interest the cost 
providing the water for such waste less than that preventing it, 
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the extra draft becomes economically expedient and justifiable. 
Proper limits are, however, here again necessary. 

The various sources loss and waste may classified follows: 

1.—Loss error computing measuring the original quantity; 

2.—Losses conveyance and storage; 

3.—Losses distributing the supply within the corporation 
limits; 

4.—Losses through defective pipes, fittings and appliances 
buildings; 

5.—Unnecessary consumption buildings and for public 
purposes. 

Each these classes admits more less subdivision, and for 
each component numerical limit can assigned. may 
also added that interest the topic will greatly stimulated 
accounts the methods used arriving the figures adopted 
standards; and hoped that much this direction will accom- 
plished the discussion which now opened. 

Am. Soc. E.—Some diagrams are 
connection with They represent the results some inves- 
tigations which were carried the City Detroit during the 
speaker’s connection with those works, and show quite clearly some 
the conditions that must taken into account settling upon the 
probable daily consumption water provided for. 

Fig. shown the hourly consumption, determined 
plunger displacements, with allowance for slip, four 
days during 1895, which have been selected being representative 
the different conditions service for that year. The speaker would 
not wish understood endorsing the allowance for slip 
proper one, but that was the allowance originally made for 
these engines, and has been adhered published reports, 
therefore accepted here. will noticed that the day begins 
M., that being about the time minimum consumption. 

February 9th, 1895, represents typical day extreme cold-weather 
consumption, and the excess the maximum hourly consumption 
over the minimum only about 18%, the variation consumption 
about 11% above the mean and below it. The total daily con- 
sumption about 50% excess the average for the year. 

June 18th, 1895, represents typical day extreme hot-weather 
consumption, which the time maximum hourly consumption and 
its maximum variation, the maximum hourly consumption being 
167% greater than the minimum, and 36% above the mean, while the 
minimum 49% below The daily consumption about 
excess the average for the year. 

August 1895, represents day corresponding quite closely 
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HOURLY CONSUMPTION WATER DETROIT. 


Feb. 1895. Total water pumped 526 675 galls. 

Nov. 10, 1895. 428 600 


Hours M. A 
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Mr. Williams. the mean day for the year. The mean daily consumption for 1895 


was 269 731 galls., and that the day shown was 577 100 galls. 
The maximum hourly consumption seen about twice the 
minimum, and the variation from the mean 49% above and 37% 
below. Tbe consumption throughout the business hours the day 
seen quite uniform, marked contrast that June 18th, 
which there decided maximum the afternoon, the consumption 
between and the evening being greater than that any hour 
the forenoon. 

November 10th, 1895, represents the day minimum consumption, 
which was Sunday. The regular drop the afternoon consumption 
characteristic Sundays and holidays. Here the minimum about 
74% the maximum, the variation from the mean being 20% above 
and 30% below. The total consumption this day about 66% 
the mean for the year. 

Fig. shows quite clearly the effects the daily variations tem- 
perature and precipitation upon the consumption water. 
this time there was restriction placed upon lawn sprinkling, the 
use water for the purpose being without charge, proba- 
ble that the results presented this diagram are likely 
excess those almost any other community. Meteorological con- 
ditions occurred this time which were exceptionally favorable 
determination the quantity water used for sprinkling and cooling 
purposes. The week preceding Monday, June 3d, had been hot and 
dry, and each day had shown marked increase consumption over 
the corresponding day the week before. Monday the consump- 
tion reached 578 764 galls., which, when combined with the head 
pumped against, represented 313 916 157 foot-pounds work 
the engines. the preceding day was Sunday, day low after- 
noon and evening consumption, the quantity water pumped early 
Monday morning was less than would have been the case otherwise, 
shown the record Tuesday, which the cross-hatched areas 
represent the hourly excesses work over the corresponding hours 
the day before, and will seen that Tuesday prom- 
ised day greater consumption than Monday, but about this 
time storm began brewing and rain fell from 9.45 
gentle shower, the total precipitation being This, and the 
accompanying fall temperature, which shown the lower part 
the diagram, caused the consumption water fall off rapidly, 
and Wednesday had fallen almost exactly that the mean 
day for the year. this day’s plotting the cross-hatched areas rep- 
resent excess work over corresponding hours Monday. 
seems fair assume that the differences consumption and work 
between Monday and Wednesday represent the amounts each due 
lawn sprinkling and the use water for cooling purposes, when correc- 
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EFFECT TEMPERATURE AND PRECIPITATION UPON WORK ENGINES DETROIT WATER-WORKS, JUNE, 1895. 
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Monday, June 3d. Tuesday, June 4th. Wednesday, June 5th. 
Total Work=55 313 916 157 Foot-pounds. Total Work=40 918 893 058 Foot-pounds, Total Work = 40 395 986 881 Foot-pounds. 
Total Water Pumped= 62 578.764 Gallons, Tota) Water Pumped= 41 162 859 Gallons. Total Water Pumped= 40 380 270 Gallons, 
Excess of Work June 3d over Work June 5th=14 917 930 276 Foot-pounds, 
“ Water “ Water “ “ = 12198 £94 Gallons, 
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tion made for the fire Monday afternoon, represented the 
double hatching between and when four steamers were 
called into service; and for the variations between Sunday and week- 
night consumption. This gives for the work the engines due 
sprinkling and other hot-weather uses 475 131 167 foot-pounds, 
more than one-third the average daily work for the year, and the 
consumption water due these causes was more than 000 000 


galls., nearly the average daily for the year. The shaded 


area Monday represents this excess work, and shows clearly the 
distribution such usage throughout the twenty-four hours. 

These charts show conclusively that determining the quantity 
water provided, temperature and precipitation are elements 
prime importance. summarize the results the studies these 
effects, which have extended over several years Detroit, during all 
which time hourly records discharge have been kept, well 
head pumped against and pressure upon the system some twenty 
different locations, may said: 

(a) For range temperature between the freezing point and 
about 50° Fahr. neither changes temperature nor amount rain- 
fall has any appreciable effect upon the consumption water, and, 
course, precipitation has very little effect when the temperature 
below freezing. 

(5) That for temperatures above 50° Fahr. increase temperature 
increases consumption, and decrease temperature increase 
precipitation decreases consumption. 

That for temperatures below the freezing point decrease 
temperature increases consumption. 

That consumption lags behind temperature changes. For 
instance, after high temperature the consumption will remain high 
until the temperature has reached few degrees below where was 
when consumption began increase, and after low temperature the 
consumption will remain high until considerable time after the 
mercury has passed above the freezing point. 

these matters have been more extensively discussed the 
speaker’s reports,* and also article, Notes Water Consump- 
tion,” The Technict for 1897, where other interesting data regard- 
ing consumption Detroit are given, the several other interesting 
features these diagrams will not considered here. 

Fig. represents, the areas enclosed between the base and the 
upper stepped line, the mean daily consumption per consumer 
water the City Detroit for each year from 1871 1899, inclusive, 
the total quantity water pumped being determined plunger dis- 


Reports, Board Water Commissioners, Detroit, Mich., for 1894, 1895, 1896 and 
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ANNUAL MEAN DAILY WATER CONSUMPTION, TEMPERATURE AND PRECIPITATION DATA 
FOR DETROIT, MICHIGAN. 1871 1899, INCLUSIVE, 
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Mr. Williams. placement already described, and the number consumers being 


obtained multiplying the number families using water the 
city the factor 5.14, that being the mean value the number 
persons per family, deduced from the United States censuses for 1860, 
1870, 1880 and 1890. may remarked that owing the modern 
tendency smaller families, which clearly shown the later 
censuses, and the concentration population times financial 
depression and its dispersion under opposite conditions, the use 
constant factor not strictly accurate, but the general form the 
consumption area would not greatly changed were corrections 
made account for these conditions. may further remarked 
that more than 99% the entire population Detroit supplied 
with water from the municipal works, there being other source 
available for domestic use. 

The shaded areas along the upper bounding line represent the 
average daily quantity water per consumer sold meter. The 
upper broken line represents the mean temperature for June, July 
and August, the hot months, and the lower similar line represents 
the mean temperature for the cold months, January, February, 
March and December. While the lower shaded area represents the 
mean total monthly precipitation for the months May, June, 
July, August and September, wherein rainfall may affect con- 
sumption. 

this chart the effects temperature and precipitation can 
clearly traced, where, for example, seen that the very low winter 
temperature 1875 was responsible for high consumption, while 
1881 this appears have been due high summer temperature and 
low precipitation. 1882 high winter and low summer tempera- 
ture combined give low consumption, while 1893 and 1895, 
and again 1899, the opposite conspired the opposite 
result. 

This chart further interest connection with the effect 
metering upon the consumption water Detroit. Notwithstanding 
that oft-quoted statements and figures from the official reports these 
works are widely error, and have been allowed unchallenged 
for several years, the speaker would not care raise those points 
this time this place, were not that such statements, made 
official those works, are record the Transactions this 
Society.* 

The statement frequently made the official publications that 
the reduction consumption from the maximum 1888 the mini- 
mum 1892 was due the saving water caused metering. 
From this chart will seen that the quantity water paid for 
meter 1889 was only about twice that similarly paid for 1888, 


Transactions, Am. Soc. E., Vol. xxvi, pp. 49-52. 
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and yet the saving nearly twice great during the following Mr. Wiliiams. 


year, when four times much water was sold meter, and beyond 
1890 appears that the increase metered water has very little bear- 
ing upon the variation consumption. These facts are sufficient 
arouse suspicions the remarkable efficacy claimed for the meters; 
and when was found computation the discharging capacity 
the connections metered 1889, that they had all been running 
wide open twenty-four hours the day 1888 and until metered 
1889, and had been closed completely during the portion 1889 
after the meters were set, the amount they would have reduced 
the consumption would not begin account for the saving claimed, 
became evident that some other cause reduced consumption was 
looked for, and upon investigation was found that the bulk 
the saving between 1888 and 1892 was due the restriction 
waste the engines themselves, and had connection with the 
meters further than that was instituted the same time and for the 
same purpose that the meters were introduced. 

Previous 1888 was customary open the waste-gate the 
engines and pump back into the river rather than lay off 
engine night when the consumption fell below certain point. 
The engineer charge the station was very severe with his subor- 
dinates when engine stopped, and beam engines, fly- wheel engines, 
are likely stop they run below certain rate speed; when 
the engines were slowed down nearly their minimum capacity the 
attendants opened the waste-gates, discharging back into the pump- 
well, keep them pumping during the night, thus avoiding danger 
trouble from having get the chief early the morning 
start the engines again. 

interesting note the decided jump consumption from 
1886 1887. tracing this increase back was found that the 
jump began the time the reservoir was cut off from the system. 
October, 1886, the Detroit system was combination reservoir 
and direct pressure, the water being pumped directly into the mains, 
but the reservoir being connected that accumulated there, 
that then was not necessary waste much water, because gener- 
ally there was chance pump ft. depth water into the 
reservoir the times when the consumption was low. Butthe reservoir 
was disconnected from the system 1886 because was felt that 
did not afford opportunity for sufficiently high pressures, and 
increased waste the engines commenced immediately, the jump 
being noticeable the very first day after the reservoir was abandoned, 
and the waste continued increase until, 1888, had become 
great that the Board Water Commissioners were the 
quantity water which they were pumping, large portion 
which was never getting the city all. They feared they would 
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Mr. Williams. have reconstruct their entire system that rate inside five years; 
and the only alternative appeared introduce meters, which 
they began once. 

There were some notable cases reduction consumption when 
those first meters were put in, but nothing that would account for any- 
where near the drop which actually took place. Simultaneously with 
the introduction the meters the waste the engines was curtailed, 
and little water was wasted there could with the devices that 
existed for controlling the machinery, for there were times when was 
necessary waste some water. 1893, when the speaker’s connec- 
tion with the works began, had record kept the opening the 
waste-gates, the time during which they were open, the number 
turns, etc., and began estimating the quantity water wasted that 
way;and although that time was supposed that there was 
waste, least that more water was wasted than was absolutely 
necessary, was found that the waste gates sometimes discharged 
anywhere from 500 000 000 galls. day. When this waste 
was great under those conditions, can readily imagined that 
considerably more had been wasted when there was attempt 
restrict the quantity lost. Comparisons between Sunday and week- 
day consumptions 1888 showed that from 000 000 000 000 galls. 
had been wasted daily some occasions. 1894 the engines were 
remodeled, and 1895 they were arranged that was unnecessary 
waste. Since early 1895 there has been loss water pumped 
the engines the Detroit works. 

establishing the necessary quantity water allowed, 
the speaker’s opinion that the range temperature must taken 
into consideration, and also the latitude the locality question; 
whether, for instance, New York Georgia. The freedom 
with which the use water for cooling purposes, for sprinkling 
purposes, permitted, must also considered, well the 
character the population. that seems impossible lay down 
any hard-and-fast rule this subject, because many varying con- 
ditions are encountered. 

There are manufacturing communities this country where the 
consumption water reported only about galls. per capita. 
the City Detroit the manufacturing and business consumption 
alone, all which was metered, has amounted more than galls. 
per consumer, fact about galls.; and when reflect that 
that city large portion the factories draw their supplies directly 
from the river, and that few authorities have had the temerity 
recommend galls. proper domestic allowance per capita, one 
led question whether the galls. per capita claimed some places 


not galls. per inhabitant, and very possibly galls. per con- 
sumer. 
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June, 1896, the record consumption 819 private families 
Detroit supplied meter was galls. per person daily, and the 
average daily consumption for June was less than from the aver- 
age for the year. These 819 families were taken random, but prob- 
ably represented mainly the middle class, and did not include more 
than half dozen first-class residences. Although the speaker one 
time* estimated galls. per person proper domestic allowance for 
Datroit, the light later developments would place the limit 
nearly double that quantity. 

Joun Jr., Assoc. Am. Soc. E.—Fortunately, 
longer necessary argue with engineers favor water-waste 
restriction, and there practical unanimity the means which 
such restriction may and should accomplished; but, unfortunately, 
the water-works too many American cities are managed, not en- 
gineers, but bodies laymen, destitute technical knowledge, 
and apt follow the uneducated judgment the people large, 
when they are not following something less commendable. is, there- 
fore, most cases, necessary for the engineer obtain the consent 
the people benefited the manner proposes, and would 
seem that the only question left discuss is, how best obtain that 
consent. 

For those who think, difficult grasp the inefficacy 
argument, based upon facts, educating the public. For four years, 
Chief the Bureau Water Philadelphia, the speaker was in- 
stant, season (and possibly now and then out season) holding 
before the people the enormity and absurdity the city’s waste 
water, and the deplorable consequences that waste. showed 
them that probably three-fourths all the water pumped was being 
wasted, and that very small minority the people, who were 
thus victimizing the great and stupid majority. showed them 
how this waste deprived them ample supply and threatened the 
imposition enormous additional financial burdens for useful pur- 
pose. The people said, ‘‘We are opposed Even the 
grave and reverend Public Ledger echoed (and still keeps re-echoing) 
the antediluvian cry, Let water free and those who con- 
descended use their gray matter all connection with the sub- 
ject, asked, How can waste what not 

The speaker, therefore, presents his experience rather melan- 
choly instance the inefficacy what may called the direct 
argumentative method public education, and would glad 
learn more effective methods. 

The speaker glad learn, from Professor Humphreys, that 
object lesson, presented before college apostles, may use 
after all, and that the primer which the speaker produced before the 
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American Water-Works Association, Richmond, last year, has found 
its way into the hands abler educator, and bearing fruit. 

Some caution proper applying the data Mr. Hering’s table 
the question the advisability installing meters given case. 
For instance, the Philadelphia works, from 1895 1899, were actually 
driven their utmost, every pump working night and day, the 
hopeless task filling sieve, while the Bureau Water was be- 
sieged with complaints, personal, telephonic and correspondence, 
shocking cases short supply. majority the representatives 
the people, Select and Common Councils assembled, being hos- 
tile the existing administration, would permit waste restriction 
and would grant dollar for extensions and improvements, though 
they were not backward asking for estimates cost filtration and 
extension. one these requests, the writer submitted 
showing that, 000 000 were expended upon meters, the 
cost installation for filtration and other improvements would 
about 600 000; whereas, the waste continued unchecked, about 
$12 500 000 would required. cases like this might found 
that the introduction meters was most desirable, even though, upon 
the basis Mr. Hering’s table, might uppear uneconomical. 

From the experience Moscow appears that effective means 
waste restriction would the abolition existing sewerage systems. 
Moscow, few years ago, without system sewerage, was 
more difficult get the water away from house than bring 
there, and the consumption amounted only galls. per head per day. 

Am. Soc. E.—Mr. Trautwine’s remarks 
express substantially the speaker’s views, with, perhaps, one ex- 
ception. 

While all seem one opinion, and should so, regarding 
the advisability preventing, far possible, all needless waste 
the public water supply, necessary, endeavoring secure 
this end the hearty co-operation the public, present not only 
thoroughly just and practicable method, but one which will not dis- 
guise injustice for another. Needless waste some 
users, strictly speaking, correspondingly reduces the supply and its 
pressure for other users, or, the supply correspondingly aug- 
mented, thereby increases the general expense. lies, 
clearly, injustice the careful user. the other hand, when- 
ever occurs individual case that the expense restricting 
the waste greater than the cost furnishing the water which 
saved the restriction, then, paying meter measurement would 
manifestly absurd paying more than one dollar get one 
dollar’s worth gold out mine. this case the careful 
user,” who economical and the majority, would forced 
pay part the expense general introduction meters, neces- 
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sitated the comparatively few extravagant wasteful users, and Mr. Hering. 
once more injustice the former, and establish penalty for 
thrift. 

year ago, when connected with investigation the water 
supply New York, this question was prominently brought forward. 
The cost the water delivered the city line, elevation 300 
ft., more less, varied, the several projects investigated, from 
$32.25 per million gallons, including interest, depreciation and 
maintenance.* Investigations made Philadelphia two years ago 
indicated that the cost delivering water into the city reservoirs 
varied the several projects from $15.10 $19.70 per million gallons, 
including interest, depreciation, pumping and the 
pumping stations some our large Lake cities, the cost water 
delivered under pressure per million gallons, including interest, 
depreciation pumping plant and intake tunnels, pumping and 
maintenance follows: Chicago, about $11.50; Milwaukee, including 
the high-service lift, $12.62, and Erie, Pa., about $23. The additional 
cost for distribution estimated follows: Chicago, about $8, and 
Erie, including reservoir, about $16. 

With these facts before him, the speaker prepared Table No.1 
order indicate figures what bearing the question the cost 
water would have upon the meter question. should added that, 
course, the complete cost water would include not only the cost 
delivered into the reservoirs, but also into the buildings, and the cost 
fixtures, etc. fact, strictly speaking, might made include 
also the resulting sewerage works, which are but continuation and 
made necessary the existence the water supply system. the 
purpose then had view, the cost the delivery into the existing 
distribution system, excluding the cost the latter, was deemed 
proper. include the cost the distribution system would mean 
add the interest the investment, the depreciation the pipes 
and appurtenances and the cost general maintenance; then reduce 
the same 000 000 galls. water consumed, and find the corre- 
sponding value representing the cost the water Table No. 

The permanent cost introducing meter service into ordinary 
dwelling-house may vary from per annum. This includes the 
cost installing the meter, keeping repair and replacing with 
new one every ten years; and includes the cost reading quarterly 
and keeping the accounts. With perpetual running cost 
per annum for metering, should clearly expect save thereby, 
respectively, least worth water. Thetable supposes that 

Water Supply the City New the Merchants’ Association 
New York, August, 1900. 
the Extension and Improvement the Water Supply the City 


Rudolph Hering, Joseph Wilson, Samuel Gray, Commissioners; 
September, 1899. 


if 
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Mr. Hering. only the less amount saved, and indicates the number persons per 


meter more than which makes meter economical, under three condi- 
tions waste, namely, saving 25, galls. per day per person, 
and assuming the cost the water $10, $25, $50, $75 $100 per 
million gallons. the cost metering dwelling-house should 
instead $2, then would have added the number 
occupants given the table. 


TABLE No. 


Cost WATER PER MILLION GALLONS, DELIVERED 
NuMBER GALLONS WHICH INTO THE DISTRIBUTION 
SAVE PER Day. 


$10. $25. $50. $75. $100. 
Number dwelling-house occupants, more than which 
Per head Per family makes the use single meter economi- 
six persons. cal, when the perpetual cost meter service not 
over per annum. 
(2) (3) (4) (5) (6) (7) 
150 21.9 8.7 4.4 2.9 2.2 
300 10.0 4.4 2.2 1.5 1.0 
450 2.9 1.5 0.7 
| 


Columns and might not include the cost the distribution system. 
The table constructed from the following formula: 
Let designate the cost the service meter, dollars, per annum; 
Let designate the number gallons saved the meter service per consumer per 
ays 
Let designate the cost water, dollars per million gallons delivered the city: 
Let designate the number consumers using one meter. 


Then let the cost the meter service equal the cost the number gallons 
saved, or, 


1.000 000 
or, reduced 
365 


Whatever quantity water disappears leakage unpreventable 
waste its way from the reservoir the buildings, public hydrants, 
fountains, and the quantity under-registered the meters must, 
course, accounted for, and should proportionately charged 
against private and public service, thus raising the cost per million 
gallons usefully consumed. Thus, unpreventable loss will vary greatly, 
and chiefly with the care that has been taken the construction and 
maintenance the works. well-managed works need not over 
15%; but even were 25% all the water delivered, would deduct 
but one-quarter from the number occupants given the table. 

The table shows that, with any reasonable allowances, and city 
where water cheap, not economical, general rule, place 
meters houses for small families, because may then cost less let 
amount water waste than provide means for check- 
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This argument has been often made before; practical business Mr. 


men see the strength it, and engineers certainly not wish ignore 
it. Unfortunately, however, sometimes used oppose the intro- 
duction meters into any house whatsoever, conclusion altogether 
without reason justice. 

deal successfully with this matter, should, therefore, discrim- 
inate carefully, and meters only for those buildings and 
users where the probable saving will least pay for the meter service. 
And, summing the whole question, appears the speaker 
that the best way present handle the introduction meters is: 

First, have the city water company own the meters all 
cases. 

Second, give every user the opportunity pay for his consump- 
himself money beyond fixed minimum charge. 

Third, give the authorities the right exact payment meter 
measurement from any user, not only all cases where the water 
used for manufacturing business purposes, but also any private 
house when these authorities have reason believe that the domestic 
consumption greater than the quantity covered certain fixed 
rates. Where water expensive, this would mean meter service 
for perhaps every house; where water cheap, smaller dwelling- 
houses would, rule, require none. 

questionable whether the greatest waste water city, 
shown reported figures, attributable the carelessness private 
consumers. JamesR. Croes, President, Am. E., his exami- 
nation the New York water supply, estimates that, the total waste, 
only one-fifth inside the houses, and four-fifths the streets and 
old taps unused service pipes. Philadelphia seems probable 
that similar condition exists. appears, therefore, that addition 
the reduction undue waste houses, the cities should similarly 
examine into the economical question reducing the waste from 
underground leakage. 

suggested, district meter system can introduced, localize 
and measure leakage; then can ascertained, somewhat above, 
whether the cost repairing particular leak not justified 
the value the water saved, the amount damage being 
done the leak. 

Another point seems need emphasis, view the conclu- 
sions which have been repeatedly drawn. frequently hear the 
evidence from Fall River, Woonsocket, quoted against that from 
New York, Philadelphia, Washington, Buffalo, etc., regarding the 

waste water, The former class consists generally either small 
cities, those having preponderance the operative class, whose 
average wealth and opportunities for the use water are 
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small, those cities which are fortunate possessing continu- 
ance good and vigilant officials, keeping the waste check. The 
other class consists generally cities large population, wealth 
and luxury, which the officials have less opportunity closely look 
after and control individual consumers, and which there some- 
times disposition resist anything that might, though mistakably 
so, appear curtail citizen the liberal use all the water 
needs. 

Those the latter class unquestionably and properly require 
larger per supply than those the former. 

Among individual consumers, also, almost invariably find 
the houses the wealthier class very much greater per capita use 
than the houses the poorer class. likewise true that, along 
with increase the standard living, from decade decade, the 
legitimate per capita water consumption has also increased and may 
increase still more. 

Past-President, Am. Soc. E.—The speaker 
believes taking every reasonable step stop needless and willful 
waste water. Here example the beneficent results 
arising from the general introduction meters. Recently, the speaker 
was consulted city regard additional supply water, and 
the course his investigations found the following remarkable con- 


ditions: Population, 063; consumption per capita, 29.3 galls. domestic 


use, metered, 10.9 galls., and unmetered, 2.5 galls.; manufacturing, 
galls. street sprinkling, 2.5 fountains, 1.3 unaccounted, 
8.1 galls. The latter includes water used for fires, flushing sewers and 
water mains and puddling trenches. One the interesting facts 
connection with this city that there has been increase per capita 
the consumption during the past six years. The total number 
meters use 300; total number services, 275, and about one- 
third the whole supply used for manufacturing purposes. The 
water for street sprinkling and for fountains measured. 

order check the small waste unaccounted for, the speaker 
made measurements the fall the water the stand-pipe between 
the hours 1.00 and 5.00 and found check almost exactly 
with the foregoing amount galls. per capita unaccounted for. 
Probably this loss due leakage the pipes unmetered connec- 
tions, the legitimate use water the early morning must very 
small. 

evident, investigation, that this case everyone uses all 
the water desires, and, there excellent sewerage system, the 
plumbing liberal scale for city this size. The contrast 
between the foregoing excellent administration public water 
supply and that prevailing where attention paid tothe restriction 
waste refreshing. 


4 
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Am. Soc. E.—The pressure under which water Mr. Owen. 
delivered potent factor the checking waste. the average 
small town which compelled supply water for fire purposes 
without the aid steam fire-engine, will found that the daily 
consumption water least 30% more than those cases 
where water delivered under the ordinary house pressure, and with- 

out the requirements fire service. This would show that the loss, 
Mr. Herschel says, behind the meter, large extent. Inci- 
dentally, also, there great loss through the fixtures due higher 
pressure. 

Another point, which may savor heresy, that the engineer 
charge water plant should control the supply, certain extent, 
The speaker does not think that the public educated 
the idea that they should not have water they can get, but 
they should educated the idea that they can use only what 
given them. That has been matter practice, secretly, great 
many cities where the service supply has been very short and where 
the gates have had closed order curtail the supply. one 
case, during shortage water, the speaker made practice shut- 
ting off nearly all the water. by-pass was which the ordi- 
nary 12-in. main was reduced feeder. This practice was 
carried for about two months before anyone found out. The 
result was that the night consumption during hot weather was reduced 
minimum, and the period dry weather was safely passed. 
regard such cases the speaker suggests that may possible for 
the engineer charge water supply arrogate himself, perhaps, 
the control this service according the conditions. Itis too often 
the case that the engineer tries give the people all there is. 

another instance serious epidemic, resulting many cases 
sickness, was caused the effort the engineer give alternate 
supply, water which was not proper used, order keep 
the service and the pressure. had used what had during the 
day and had simply reduced the pressure night would have had 
trouble. 


Am. Soc. E.—The speaker has made very Mr. Hum- 

effective use the arguments given Mr. Trautwine’s paper before 
the American Water-Works Association Richmond, Va., educating 
his fellow-citizens and the town council the town which lives. 
that town, some twelve years ago, the speaker put extension 
the water-works, and since then has been striving obtain the 
introduction meters order check the waste, but has found 
long and serious task. 

The situation follows: The town has population 000 
4000 and the supply obtained from springs and brought gravity 
reservoir having capacity about 20000000 galls. The pressure 
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from the reservoir sufficient for fire purposes without the use 
engines. The town has taken great interest its fire company—the 
champion fire company the State—and the result this, and the 
excellent water supply, that the fire insurance companies have 
reduced the cost insurance the minimum rates, which appre- 
ciated greatly the business men. 

When the reservoir was built waste gate was provided, and, the 
supply was larger than the demand, great deal water was allowed 
run waste. Knowing this, the people naturally became extrava- 
gant. Everyone used much wanted, and said, What the 
use saving the fall the year, however, the springs, gen- 
erally, run low, and there longer surplus; all that comes the 
reservoir needed. fall all the water was drawn out, and then 
Mr. Owen’s scheme shutting off the supply was adopted, which was 
not very pleasant for those having lawns for those who had been 
accustomed having the streets sprinkled. 

severe lesson probably needed order emphasize the neces- 
sity curtailing waste. Ifa fire occurred time when the water 
supply was low, the fire company would unable anything and 
the insurance companies might put the rates and say, You have 
not the tire protection assumed you had when gave you low 
That would probably make effective impression. 

The question meters, help eliminating water waste, 
longer dispute engineers. The main point get the public 
appreciate their advantages. Those who put meters this town 
wanted put the cheapest they could get, they had purchase 
them. The town should furnish the meter, keep order, and charge 
annual rental. meter should put wherever there water- 
closet, but the poorer houses, having only one spigot, inspection 
alone should sufficient check waste. 


Assoc. Am. Soc. E.—There point which the 
speaker tried raise two years ago the Cape May Convention, 
which has not yet been alluded this discussion, and which 
would like bring forward for consideration. double supply 
exists Paris. One plain, unfiltered river water under com- 
paratively low pressure; the other spring water and filtered water 
which pumped higher reservoirs, and which has therefore more 
pressure. 

The plain river water sold cents per thousand gallons, and 
the spring and filtered water cents. If, account its pres- 
sure, anyone wants use this latter water for elevators, carriage 
washing, industrial other base purpose, the charge cents per 
thousand gallons. This practically fine prevent the use 
spring water for anything but dietary other noble uses. 

Streets are washed with the plain river water from hydrants with 
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hose that delivers enough water wash all the dirt into the sur- Mr. Maignen. 
face sewers. not mere sprinkling, which leaves the mud the 
streets, thorough wash-out. evident that for such 
purpose not necessary have sterilized water any great 
pressure. 

has been stated that some little towns, warm weather, the 
springs not give enough water. Every now and then hear that 
New York and other great cities are threatened with water famine. 
This would not occur the best water were confined nobler uses; 
common water being used for street washing, lawn sprinkling, fire, 
industrial and other indifferent uses; the better water, pumped under 
higher pressure, being reserved for house use. The pipes for the 
purpose would probably never require duplicating replacing 
larger ones, the population tends, not increase given area, 
but spread itself larger areas; the population, particularly with 
increased conveying facilities, spreading itself farther and farther into 
the suburbs. 

the contrary, for industrial and municipal service, the needs 
may outgrow the capacity the original pipes. that case, larger 
duplicate pipes may installed supply the increased demand. 
Such water can given away, practically the Philadelphians want 
it, free like air. 

some towns France, along the coast, where pure water 
scarce, sea-water used for washing the streets, fire extinguishing, 
etc. The same has been done several American towns. 

Where the plain water very roily, might subjected 
rough kind filtration high rate, which would not expensive. 
certainly seems mistake use sterilized water for all pur- 

particularly with such enormous consumption and waste 
this country. 


Am. Soc. E.—Every water-works should mr. Chester. 
have income sufficient pay its operating expenses, the inter- 
est its investment and additional amount sufficient meet 
the cost administration, whether that administration the 
officers private corporation the mayor and council city. 
The rates any water company, whether flat meter, should 
regulated accordingly; and, while the speaker heartily agrees with all 
that Mr. Hering and Mr. Herschel have said, thinks that they are 
variance taking the revenue, one for the cost supplying water 
and the other the total cost operating the plant. Mr. Hubbell, 
also, looks purely upon the cost pumping water, and not, 
said, other operating expenses and the interest the investment. 
The speaker does not believe, however, riding the horse economy 
death, which may done too rigid metering. few years ago 
striking example this might have been seen two suburbs 
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Mr. Chester. New York City, along the Sound. one every tap was metered, and 
the other very few were metered. the fully metered town there 
were few very wealthy people, and quite number moderate cir- 
cumstances, but that town there were very few well-kept lawns 
except those the wealthy people; the poorer class and those ordi- 
nary circumstances feeling that water their lawns and keep them 
looking well was burden. the town where water was sold the 
flat rate, almost everybody sprinkled their lawns. Ifa meteris put on, 
course the waste curtailed, and, the other hand, cases 
where the charges are materially changed metering, the use water 
for certain purposes sometimes curtailed. the ordinary charge 
per year for sprinkling lawn, the lawn any size, and 
the street front kept well watered, will found meter 
rates considerably more than worth water will used year. 
the other hand, water-closet metered and kept from leak- 
ing, will found that uses scarcely more than worth, though, 
with the exception the lawn sprinkler, the water-closet believed 
bethe source greatest waste. striking example that occurred 
Shreveport, La., not long ago, where negro cabin, which the only 
fixture wasa water-closet, was metered. this cabin one dollar’s 
worth water day, cents per thousand gallons, was being used. 
That case not exceptional. 

The speaker thinks that the question metering largely one 
locality. some the western cities meters were adopted generally 
the lawns would almost ruined. places where nothing but 
alfalfa will grow, and that only irrigation, and where the inhabi- 
tants are poor, would ruinous put meters. 

Mr. Hubbell shows that metering certain extent will curtail the 
waste, aud beyond that there very little saving consumption. 
That the case most places, and found that metering factories, 
saloons, hotels, livery stables and such places will stop the greater 
part the waste, and that most our northern cities the consump- 
tion will not excessive, but can kept below 100 galls. per head, 
which looked upon economical consumption. 

Tables made miscellaneously are misleading. Take, for in- 
stance, the case Birmingham, Ala., where the supply three 
industries more than the consumption that city would 100 
galls. per head. The consumption such place cannot 
with that other places, and, while all the industrial establishments, 
saloons, livery stables, etc., are metered, the consumption higher 
than that any city supplied the speaker’s company. 

There difference the consumption northern and southern 
cities. colored citizen not extensive user water, but 
extensive waster. seldom sprinkles his lawn, and does not care 
how dusty front his cabin. not noted for cleanliness, 
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and never has bath tub. Ordinarily, only wants water his Mr. Chester. 
house when the sanitary regulations the city require him put 
in. The case Shreveport, La., might cited again example. 
that city ordinance compels every citizen within 320 ft. 
sewer and water main put connection. the population 
that city, are colored. There scarcely one the colored popu- 
lation who utilizes the water puts fixture other than the spigot 
thereto; and yet that town shows greater waste per head than most 
cities supplied the company. That waste determined 
the minimum pumpage night. The speaker has always said, 
and especially while was the representative pump company, 
that few engineers appreciate the variation consumption between 
the hours and and between the ordinary spring and 
fall months, and the extreme cold weather; that is, where the tem- 
perature, shown Mr. Williams’ diagrams, ranges between freez- 
ing and 50° Fahr., and where the precipitation about uniform. 
assuming charge the Shreveport plant, the enormous waste was 
first brought the attention the fact that the pumpage 
night was equal that the daytime, condition which existed 
other plant which the supply was direct, stand-pipe, 
which practically direct pressure. That brought out very clearly 
the fact that great deal water was being wasted, and inspec- 
tion showed that occurred mostly among the poor colored fam- 
ilies, and came largely from the water-closets. The proposal put 
meters upon those places was met with tremendous resistance the 
political element, the city government, which looked those col- 
ored people for votes just much looked the white element. 
One councilman, with three his family, and with house and lawn 
size which gave him rating $80 per year, refused vote for 
ordinance allowing meters put miscellaneously curtail 
waste, saying that would work hardship the poorer people, and, 
while felt that might reduce his water rent from $80 less than 
$15, must decline vote for the ordinance account ofthe poorer 
people. 


Am. Soc. E.—One point does not seem Mr. Smith. 
have been brought out very strongly, and that is, whether would 
possible, and so, how far possible, regulate publicly the 
quality plumbing fixtures. admitted that many them 
are bad, but realized how bad they generally are, and itis 
question whether, proper ordinances, and perhaps having 
commission charge the inspection and licensing such appa- 
ratus, its quality might not improved, and only good, durable, per- 
manent apparatus allowed. This is, any rate, direction 
which this Society and the Water-Works Associations might move, 
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Mr. Smith.some extent. Mr. Herschel has spoken very disparagingly pa- 
ternalism, but the speaker believes some cases—where 
does good and where money made it. Ifa man 
good father and has bad boy gives him spanking, and there 
paternalism very good thing. 

Public regulation the public needed greater extent than 
obtains this country especially. There not enough 
regard many things public nature; and allowing anybody 

put the worst and most unserviceable plumbing fixtures, which 
not get any regulation afterward, bad thing, and there should 
some way getting improved practice, gradually, least, 
cannot done any faster. the the hotel this 
morning, the speaker found stream the size lead pencil run- 
ning, and had been running ever since yesterday morning, and 
the morning before. attempting shut off was found that 
the tap would not close. This happening all around us; streams 
water are running uselessly from all kinds fixtures, and one 
seems have any very particular charge it. course, the 
putting meters will improve the behavior consumers this 
respect. general, there doubt that meters are good thing, 
although there are cases where, Mr. Hering suggests, they will not 
pay. companies, the municipalities, should manage 
keep good order the whole plant plant, has been men- 
including the meters part the plant. But should 
deal properly with the consumer and sell him things proper 
prices. 

One the points which should emphasized particularly, 
the great importance checking underground waste until the ideal 
system the future comes—that running al] pipes galleries 
where they will accessible. The chief remedy that has here been 
suggested the more frequent use large meters the mains, and the 
dividing them into separate sections, trace these serious 
underground escapes. 


Mr. Harlow. Am. Soc. E.—There are one two facts which 
should not forgotten. One is, that water provided the 
lowest rate and sold some price which will justify the sale. There 
free water. has never seen it, and has been 
the business for thirty years. 

the question the introduction meters, company with 
which the speaker connected recently engaged supply two small 
towns which, proportion the population, the takers, 
enormous amount water was used. The consumption ran from 
500 000 600 000 galls. per day, and the rates from $12 $15 per 


year for house the ordinary kind, with ordinary fixtures and 
conveniences. 
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The company discussed the manner which meters could intro- Mr. 


duced without antagonizing the consumers, and made schedule 
which brought the possible rate down about per year, leaving 
the taking meter optional with the consumer. Each consumer 
was pay for least 000 cu. ft. water per quarter, and the com- 
pany was furnish the meter rental, the consumer 
might furnish and own the meter. 

The result has been that within year the consumption has been 
reduced less than 200 000 galls. per day, and the profit the com- 
pany great was before, while the expenses are much less. 
doubtful whether the consumers these towns could induced 
back the old way. 
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MINUTES MEETINGS. 
THE SOCIETY. 


September 4th, 1901.—The meeting was called order 8.40 
M., President James Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, members and guests. 

The minutes the meeting June 5th and the Annual Con- 
vention were approved printed Proceedings for August, 1901. 

paper Gardner Williams, Am. Soc. E.; Clarence 
Hubbell, Assoc. Am. Soc. E., and George Fenkell, Jun. Am. 
Soc. E., entitled Experiments Detroit, Mich., the Effect 
Curvature upon the Flow Water Pipes,” was presented ab- 
stract Mr. Williams, and illustrated with the stereopticon. 

The paper was discussed Messrs. Emil Kuichling, Rudolph 
Hering and William Hutton. 

The Secretary announced that had received written discussions 
this paper from Messrs. Murphy, Hiram Mills, Irving 
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Church, Charles Tutton, Campbell and Charles Sherman. 
The President ruled that owing the lateness the hour these com- 
munications should not presented this meeting. 


Ballots were canvassed, and the following candidates were declared 
elected: 


MEMBERS. 


Everett Lewis, Twin Bridges, Mont. 
Harry New York City. 
Osaka, Japan. 

Asa Emory Washington, 
Sault Ste. Marie, Mich. 
St. Paul, Minn. 
Duncan Williamsport, Pa. 
Orizaba, Vera Cruz, Mexico. 
Homer San Francisco, Cal. 
Kansas City, Mo. 


MEMBERS. 


Harry FRANKLIN Bascom, Allentown, Pa. 
Jr., Santiago, Cuba. 

San Francisco, Cal. 

Lewis North Cambridge, Mass. 

Barr New York City. 

Mayo Boston, Mass. 


The Secretary announced the election the following candidates 
the Board Direction September 3d, 1901: 


ASSOCIATES. 


Port Deposit, Md. 
Jr., New York City. 


JUNIORS. 


DERVEER BEEKMAN, Jr., Orange, 

New York City. 

Enzian, South Pa. 

Leroy Ventura, Cal. 


The Secretary announced the death the following members: 

BALDWIN elected March 16th, 1870; died 
July 2d, 1901. 

Henry elected Associate July 1st, 1881; died 
July 3d, 1901. 


Bemis Tower, elected Member October 3d, 1894; died July 
8th, 1901. 


Davis elected Associate Member March Ist, 
1899; died July 13th, 1901. 

elected Associate February 6th, 1889; died 
July 23d, 1901. 


elected Member July 2d, 1873; died July 
25th, 1901. 


elected Member October 4th, 1893; died 
August 29th, 1901. 


elected Member July 5th, 1882; died August 
30th, 1901. 


reference the vote the appointment the proposed Special 
Committee Rail Sections, the Secretary made the following an- 
nouncement: 


Total number votes received, date........ 542 
One-third the Corporate Membership the 
Number additional votes needed before count can 
Adjourned. 


The regular meeting, which was have been held September 
18th, 1901, was postponed until Wednesday, September 25th, 1901, 


account the death William McKinley, President the United 
States. 
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THE BOARD DIRECTION. 
(Abstract. 


September 3d, 1901, 8.10 M.- President Croes the chair 
Charles Warren Hunt, Secretary; and present, also, Messrs. Briggs, 
Hering, Knap, Kuichling, Morison, Noble, Osborn, Sea- 
man and Whinery. 

The Secretary reported that the following members the Society, 
all whom have indicated their willingness serve, have been 
appointed the request the Verein Deutscher Ingenieur aid 
the preparation proposed Technolexicon,” which Dr. Hubert 
Jansen the Messrs. Rudolph Hering, Clemens Her- 
schel, Gustav Lindenthal, Henry Goldmark, Joseph Mayer, Emil 
Kuichling, Woods, William Hutton, Schneider, 
Bouscaren and Chanute. 

committee, consisting Messrs. Endicott, Noble and Hunt, was 
appointed report the Board the Time and Place for holding 
the next Annual Convention, which was referred, the Annual Con- 
vention, the Board, with power. 

was resolved that hereafter Certificates Membership 
issued Juniors. 

Applications were considered, and other routine business trans- 
acted. 

Two candidates for Associate and five for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, October 2d, 1901.—8.30 business meeting 
will held, which ballots for membership will canvassed, and 
paper Charles Darrach, Am. Soc. E., entitled Mechan- 
ical Installation the Modern Office Building,” will presented for 
discussion. 


This paper was printed the August number Proceedings. 


Wednesday, October 16th, 1901.—8.30 m.—At this meeting 
paper Edward Murphy, Assoc. Am. Soc. E., entitled 
Meter and Weir Discharge Comparisons,” will presented 
for discussion. 


This paper printed this number Proceedings. 


Wednesday, November 6th, 1901.—8.30 m.—A business meeting 
will held. Ballots for membership will canvassed, and paper 
Rockenbach, Assoc. Am. Soc. E., entitled The Water- 
Works Guantanamo, Cuba,” will presented for discussion. 

This paper printed this number Proceedings. 


INDEX TRANSACTIONS. 


Index, covering the forty-five volumes has been 
issued during the past month all members the Society. Copies 
have been also issued the libraries many Engineering Societies, 
both this country and abroad. somewhat limited number 
extra copies, paper covers, hand; and the Publication Com- 
mittee has placed price per copy upon them. This announce- 
ment made account inquiries which have been received 


how this Index could obtained those not connected with the 
Society. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(August 11th September 11th, 1901.) 


This list published for the purpose placing before the members 


[Society 


the Society the titles current engineering articles, which can referred 
any available engineering can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 

Technology rterly, Mass. Inst. 

Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 50c. 

(9) Engineering Magazine, New York 


(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 

(1a) The Engineer International 
News Co., New Yor 

(13) News, New York City, 


(14) The Engineering Record, New York 
City, 12c. 
(15) Gazette, New York City, 


(16) Engineeri and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 


‘Vs 
(18) Railway and Engineering Review, 
Chicago, 
Scientific American Supplement, New 
York City, 10c. 
(20) Iron Age, New York City, 10c. 
(a1) Engineer, London, Eng- 


nd. 

(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City, 

Engineer, New York City, 


(26) Electrical Review. London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New Water-Works 
Assoc., Boston, 75c. 

(29) Journal, Society Arts, London, 

(30) Annales des Travaux Publics 
Beigique, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
sels, 

(32) Memoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines. Paris, France. 

(35) Nouvelles Annales Construc- 
tion. Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, France. 

(39) Master Mechanic, Chicago, 


Railway Age, Chicago, 
41) Modern Machinery ,Chicago, 10c. 
42) Transactions, Am. Inst. Elec. 


New York 50c. 
(43) Annales des Ponts Chaussées, 
Paris, France. 


(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 

and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 
(47) Mechanical Engineer, Manchester, 
England. 


(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Institute 
Scotland, London and 

(60) Indianap- 
olis, 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 10c. 
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LIST ARTICLES. 
Bridge. 


Glasgow Bridge.* Benjamin Blyth, Inst.C. (63) Vol. 

Railway Bridge over the Fitzroy River Rockhampton, Walter James 
Doak, Assoc. Inst. (63) Vol. 

The Niagara Falls and Clifton Steel Arch Bridge.* Leffert Lefferts Buck, Inst. 
(63) Vol. 


Stone Arch Bridges Recently Constructed the Fitchburg Railroad.* Albert 
Cheever. (1) July. 


Arch Centers.* James Rollins, Jr. (1) July. 

Bridge Riveting India.* J.Graham. (12) Aug. 

East River Bridge No. 4.* Henry Chicotte. (15) August 16. 

The Erection the Gokteik Bridge.* Day Allen Willey. (46) August 17. 

Cut-Off and Des Moines River Viaduct, Chicago Northwestern Ry.* (13) Aug. 


Rolling Loads Railway Bridges. (12) Aug. 
The Boone Viaduct.* (14) Aug. 


Bridge over River, Hartford, Conn.* H.G. Tyrrell. (18) 
ug. 31. 


Bridges Mexico.* (14) Aug. 31. 

The Gokteik Bridge.* J.C. Turk. Sept. 

Cintres Métalliques Mobiles Employés Baviére.* (35) Serial begin- 
ning June, ending Aug. 

Electrical. 


The Parallel Operation Alternators from the Engine-Builder’s Point View.* 
Trinks. (58) May. 


the Nernst Lamp America. Alexander Wurts. (42) June and 


uly. 

Synchronism and Frequency Indication.* Paul Lincoln. (42) July. 

Performance Forty-Mile Transmission Line.* William Aldrich and 
George Redfield. June and July. 

Power Factor Indicators. William Hand Browne, Jr. June and July. 

Perrine. (42) June and July. 

Electric Power Supply Tyneside.* (26) Serial beginning July ending Aug. 

The Construction and Systematic Manufacture Alternators.* O.Lasche. (11) Serial 
beginning Aug. ending Aug. 30. 

Electro-Magnets for Heavy Lifting. George Walsh. (22) Aug. 

Comparison Methods Secondary Distribution Alternating Currents. George 

olberton. (24) Aug. 12. 

New Method Localising Fault Single Cable. Walter Betts. (26) Aug. 16. 

Methods Communication Electric Generating Stations. (26) Aug. 16. 

The Mechanism the Electric Mrs. Hertha Ayrton. (26) Aug. 16. 

Electrical Distribution Frankfort.* (12) Aug. 16. 

Electric Power Factor Industrial Prosperity. D.N. Dunlop. (22) Serial begin- 
ning Aug. 16, ending Aug. 

The Lincoln Power Station, Boston, Mass.* (14) Aug. 17. 

The Carriages.* (19) Aug. 17. 

Large Polyphase Workshop Distribution Plant.* (27) Aug. 17. 

Coherers—The Development, Construction, Operation and Function Electric Wave 
Detectors.* Frederick Collins. (27) Aug. 17. 

Storage Batteries Central Stations. Schuchardt. (27) Aug. 17. 

Generating Units for the Boston Elevated Railway.* (27) Aug. 17. 

Electric Rock Drills.* George Waltman. (27) Aug. 17. 

The New Electric Elevator the Washington Monument.* (13) Aug. 22. 

East Ham Electric Tramways.* (26) Aug. 23. 

The Electric Lighting Luton.* (26) Aug. 23. 

Highfield-Cater System Underground Mains.* (26) Aug. 23. 

Some Alternating and Polyphase Circuit Devices.* (26) Aug. 

From Christmas Tree Pan-American: The History Electrically Towers 
the Pan-American Exposition.* Luther Stieringer. (27) Aug. 24. 

Clark the Conditions American Telegraphy. (27) Aug. 24. 

Practical Power Transmission. John Martin. Aug. 26. 

Electric Percussion Rock Drills.* (13) Aug. 


29. 
Alternators for Circuits Varying Power Factors.* Sydney Wood- 


80. 
Discharging oes Electricity.* (26) Aug. 30. 


Regulation and Adjustment Arc Lamps. Chester. (26) Aug. 30. 
The Electric Semaphore.* (18) Aug. 31. 


Storage Batteries Railway Telegraph Service. W.E. Athearn. (18) 


ug. 
Storage Battery Crosstown Line the Metropolitan Street Railway Company New 
York City.* (17) Aug. 31. 


Power Station the City Prague.* (14) Aug. 


Magnetos for Delivering Pulsating Current for Selective Signaling.* 
orman Holland. (27) Aug. 31. 
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Electrical—(Continued). 


German Electrical Generating Station Practice.* Kilburn Scott. 

31. 

Some Electric Light and Power Distribution. Electric Transmission. Daniel 
Mead. (60) Sept. 

Requirements Electricity Manufacturing Work. William Aldrich. (25) Sept. 

The Choice Electric-Power Distribution System Factories. Moses. 


Sept. 
Mechanical and Electrical Features the Pan-American Exposition.* Aldrich. 


(9) Sept. 

The Exhibition the Electric Light Plant.* (10) Sept. 

Secondary Reactions Electrolysis. Joseph Richards. (3) Sept. 

New Equipment for Ottawa, Canada.* (27) Sept. 

Works the Algemeine Electricitiits Gesellschaft. Kilburn Scott. (27) 

ept. 

Application Public Produite par une Usine pour ses 
Besoins Personnels.* (36) July 25. 

25. 

Electriques Compagnie des Chemins Fer d’Orléans.* (36) Aug. 10. 

L’Automobilisme Electrique. Félix Colomer. (36) Aug. 10. 

Distribution d’Energie Electrique Chemin Fer Bex-Gryon-Villars (Suisse).* 
Breiier. (33) Serial beginning Aug. 10, ending Aug. 17. 

Installations Electriques Barrage Poses.* Bret. (33) Aug. 24. 


Marine. 


Modernizing Ironclads. Eardley-Wilmot. (12) Aug. 
ug. 16. 
The Arrangement and Shipbuilding Works.* James Dunn. (11) Serial 
beginning Aug. ending Aug. 16. 
The Steel Ship Yards the United States.* Waldon Fawcett. (62) Aug. 
Development Marine Engineering during the Last Ten Years.* James McKechnie. 
12) Serial ending Aug. 23; (47) Serial beginning Aug. 10, ending 
ug. 31; (11) Serial beginning Aug. 23, ending Aug. 30; Aug. 29. 
The and Engineering Works.* (11) Serial beginning Aug. 23, 
ending Aug. 30. 
The Eleventh for the America Cup—Shamrock Aug. 24. 
The Boiler Trials Hyacinth and Minerva. (11) Aug. 30. 
Lengthening the Iroquois.* (46) 31. 
Preventing the Corrosion Tail James Thornton. (47) 
ug. 31. 
Plant the New York Ship Building Company. Waldon Fawcett. (62) Sept. 


Mechanical. 


The Efficient Working Gas Plants for Engines. Joseph Emerson Dowson, Inst. 
(63) Vol. 


The Selection Steam Boiler. W.E. Snyder. (58) June. 

The Constructive Development the Diirr Boiler the German Navy.* Von Buchholtz. 
(11) Serial beginning July 19, ending Aug. 

Self-Contained Acetylene Lamps.* (40) Aug. 

The Underfeed Mechanical Stoker.* (47) Aug. 

How Increase the Horse-Power Steam Engine. Dixon. (62) Aug. 

Angle Rolls.* William Hirst. (20) Serial beginning Aug. ending Aug. 


Well Boring Machinery Australia. Gibbons Cox. (12) Aug. 

The Knottingley Boiler Explosion.* (12) (47) Aug. 10. 

Dunlop’s Variable-Expansion Cam Gear for Gas Engines.* (47) Aug. 10. 

Novel Cranes.* Waldon (62) Aug. 15. 

Steam Excavating and Grading Machine.* Aug. 15. 

Ladles for Steel Foundry Practice.* (47) Aug. 17. 

14) Aug. 17, 

The Omega Portiand Cement Works, Jonesville, Mich.* (14) Aug. 17. 

Two New Water Tube Boilers.* (13) Aug. 22. 

Modern Coal Handling Machinery.* Waldon Fawcett. (62) Aug. 22. 

Glasgow Exhibition—Machine Tools.* (12) 23. 

The Four-Roll Machine the Glasgow Exhibition.* (11) Aug. 28. 

The Norwich Hydraulic Compressed Air Plant.* (14) Aug. 24. 

Glasgow Exhibition, Co., Ltd.* (47) Aug. 24. 

The Clarke Automatic Coaling and Weighing Barge.* (19) Aug. 24. 

Purification Blast Furnace Gases.* (62) Aug. 29. 

The Schmidt System Superheating Steam.* (22) Aug. 30. 

Wood-Working Machinery the Glasgow Exhibition.* (11) Aug. 30. 


Tilustrated. 
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Furnace Temperatures. W.H. Booth. (26) Aug. 30. 

Coal and Ash Conveying Gear. (47) Aug. 31. 

The Sisson High-Speed Engine the Glasgow Exhibition.* (47) Aug. 31. 

Works the Westinghouse Electric and Manufacturing Company.* (46) Aug. 31. 

Twenty-Five Hundred Horse-Power Engine the Paris (64) Sept. 

Gas Engines the Pan-American sition.* (64) Sept. 

Logs Paper; the Largest Paper Mill the World.* Adams. (10) 


pt. 

Machine Tools the Glasgow Exhibition.* Joseph Horner. (10) Sept. 

The Measuring Machine the Workshop.* John Sweet. (10) Sept. 

The Taylor-White Process Treating Tool Steel, and Its Influence the Mechanic Arts. 
Charles Day. (3) Sept. 


Some Features Interest the Pan-American Exposition (Westinghouse Exhibit).* 


(41) Sept. 

The Water-Tube Boiler. John Platt. (9) 

The Jig Habit America (Abstract). Oberlin Smith. (3) Sept. 

Some Details Oil Burners.* (25) Sept. 

Engineering the Glasgow Exhibition.* John Kerr. (9) Sept. 

Air Power Plant for Quarry Work near Lakeside, (20) 

ept.; ept. 

Some Difficulties with Gasholder. J.G.Tooms. (24) Sept. 

New Hydrographic Chart Engraving Machines for the Japanese Navy.* (13) Sept. 

The Bath Upright Type Universal and Combination Grinder.* (20) Sept. 

The New Compressed Air Motors for City Traction.* (15) Sept. 

The Steam Plant the Atlantic Mutual Building, New York.* (14) Sept. 

Modern Methods Distributing Gas. Norton Humphrys. (24) 

The Verett Four-Cylinder Engine.* (20) Aug. 29. 

Experience with Carburetted Water Gas Sets.* A.C. Beck. (24) Sept. 

Practical Testing Oils for Gas and Fuel Lowe. (24) Sept. 

Les Moteurs Alcool. Lucien (32) July. 

L’Utilisation des Gaz Haut Fourneau.* Jules Deschamps. (32) July. 

Sur les Lois Détente Compression dans les Machines Vapeur. 
Dwelshauvers-Dery and Armand Duchesne. (37) July. 

Machine Compound Demi-fixe, 240 Chevaux Machine Locomobile Chevaux.* 


(34) Aug. 

Serial beginning Aug. 17, ending Aug. 31. 

Compteur Vapeur, Systéme Gehre,* Ch. Dantin. (33) Aug. 31. 

Faucheuse Automobile Pétrole.* G.Coupan. (33) Aug. 31. 


Metallurical. 


The Erskine-Ramsay Pig-Casting Machine.* (22) Aug. 16. 

The Barrow Hematite Steel Works.* Arthur While. (47) Aug. 17. 

Tron and Steel Making Ontario, Canada. (22) Aug. 

The Cost Producing Pig Iron the United States. Phillips. (16) Aug. 31. 

Zinc-Lead Ores the Galena-Joplin District Missouri.* Crane. 
45) Sept. 

Presse 1000 Tonnes pour Compression d’Acier. (33) Aug. 10. 

Military. 


The Bursting 48-Ton and the Method Repairing It.* Nicholas Edward 


Schneider-Canet Quick-Firing Guns and Howitzers for Field Service.* (11) Serial begin- 
ning July 19, ending Aug. 
New Five-Inch Segmental Wire-Wound Gun for the United States Army.* (46) 
33) Aug. 10. 


Mining. 


Coal-Cutting Machinery.* Ernest Kilburn Scott, Assoc. (63) Vol. 
(22) Aug. 16. 


Mexico’s Progress Mining Matters.* Wm. Courtis. (45) Aug. 

Dredging for Coal.* (45) 

Mine Account Keeping. Charles Jenkins. (45) Aug. 

Steel Mine Cars. M.G. Moore. (45) 

Modified Longwall System.* Clarence Claghorn. (45) Aug. 

Some Methods Timbering and Working Wide Lodes New South Wales.* God 
frey. (16) Serial beginning Aug. 17, ending Aug. 

The Brown Coal Industry Germany and Austria.* (22) Aug. 23. 

Mining the Pan-American.* (45) Sept. 

Description the Coal Washing Plant the Douk Brothers Coal Coke Company, 

The Gold Mines Siberia.* Chester Wells Purington. (9) Sept. 

The Comstock To-Day.* Rickard. (10) Sept. 


Les Appareils Sécurité 1900.* H.Schmerber. (33) Serial beginning 
June 29, ending Aug. 
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Miscellaneous. 


the Industries the Upper Rhine. John Richards. (1) 
The Evolution Standards Measurement. John Brashear. (10) Sept. 


Municipal. 


Road Maintenance the Wairarapa North County District Wellington, New Zealand. 
Charles Edward Brenner, Assoc. (63) Vol. 

Electric Street Sweeper.* Waldon (60) Sept. 

Public Work Somerville, Mass.* (60) 

The Development Bituminous Pavements, the Coal Tar and Asphalt 

‘The Design Economic Streets and Pavements. bert Gillette. (13) 

The Cost and Durability Brick Pavements Ithaca. Crandall. (14) Sept. 


Railroad, 


The Locomotives. Thomas Alfred Hearson, (63) 
ol. 


Load-Gauges Railways.* James Richard Fletcher, Inst.C.E. (63) Vol. 
The Waterloo and City Railway.* Alfred Weeks Szlumper, Inst. 
ol. 
London Tramways. (26) Serial beginning July 19, ending Aug. 
Railway Station Roofs. (12) Aug. 
Compound Express Engine, Hungarian Railways.* (12) Aug. 
Pneumatic Railway Signals.* (12) Aug 
The Rebuilt Union Pacific.* (40) Aug. 
American Locomotives and Foreign Buyers. Callaway. (18) Aug. 10. 
The Handling Freight Traffic. Fritch. (18) Aug. 
and Alignment, Union Pacific R.* (18) Serial beginning Aug. 
ug. 
Retainer for Driver Brakes.* (15) Aug. 16. 
Springs Cripple Creek (40) Aug. 16. 
The Tractive Power Locomotives. Goss. 16. 
Ballasting New Railways. (13) Aug. 
Proposed Union Station Troy, Y.* Aug. 23. 
Central Bearing for Driving Axles.* 23. 
Submarine Tramway Tunnel Boston, (12) Aug. 
Rail Steel—With Especial Reference Its Hardness. (15) Aug. 23. 
Proper Cleaning Brake and Triple Valves Freight Cars.* Otto 
Aug. 23; (18) Aug. 
ails, Chicago, Milwaukee St. Paul Ry.* (18) Aug. 24. 
The Telephone Railway Service. Valentine. (18) Aug. 24. 
Interurban Railway between Dallas and Fort Worth.* (17) Aug. 
American Locomotives England. (62) Aug. 29. 
Schenectady Four-Cylinder Tandem Compound Locomotives—Classes Y-2 and Y-3. 
Northern Pacific Railway.* (15) Aug. 
Ties Europe.* Foster rowell, Am. Soc. E.; (15) 
Palermo-Monreale Electric Incline.* (46) 31. 
Long Electric Railway Massachusetts.* (27) Aug. 
Tables Speed Locomotives. Peters. (25) 
Railway Test Car No. the University the Central Railroad.* 
Edward Schmidt. (39) Sept. 
Railway Lighting Acetylene Gas. Sept. 
Consolidation Mountain Pushing Locomotive, Atchison, Topeka Santa Railway.* 


(25) Sept 
Drop Bottom Gondolas, Elgin, Joliet Eastern Railroad.* (25) Sept. 
linder Compound Locomotive, Consolidation Type; Northern Pacific 
ailway.* (2 ept. 
50-Ton Wrecking Southern Ry.* (13) Sept. 
Indexing and Drawings. Vial. Sept. 
The reight Traffic. Fritch. (15) Sept. 
Study the Life Cross Ties. (15) Sept. 
Tank Cars for the Santa Fé.* (40) Sept. 
The Chilled Cast-Iron Quality for Heavy Service.* (18) 


New Railways London.* (17) Sept 

The System the Company.* (17) Sept. 

Street Car Platforms.* Sept. 

Signalling the Elevated Railway.* Howard Knowlton. (17) 
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Railroad—(Continued). 


Chemin Fer Métropolitain Vienne.* René Philippe. (38) Serial beginning 
June, ending Aug. 

Les Locomotives 1900.* Raymond Godfernaux. (38) ug. 

Matériel Roulant Italien Fort Tonnage Chassis Tubulaire.* 
Morizot. (36 Aug 

Chemin Fer Valteline.* (36) Aug 

Construction l’un des Tunnels Métropolitain (33) Aug 

(33) Aug. 81. 


Sanitary. 


The Main Drainage Woking.* (63) Vol. cxliv. 
Conclusions the British Royal Com Sewage Disposal. (13) 


Combination with Electric Power Stations. Highfield. (47) 


The Condition Garbage Disposal the United States. Baker. 
13) 

The Main Drainage Woking, England. Aug. 

Interim Report the Royal Commission Sewage (14) Aug. 31. 
Ventilating and heating Friendship School, Pittsburg.* (14) Sept. 


Structural. 


The Decomposition Cement Sea-Water. (13) Aug. 15. 

Diagrams for Calculating the Safe Load Cast-Iron According the New 
ork Building Code.* Berquist. (13) Aug. 

Concrete-Steel Foundry and Power Station Floors.* 

Giant Gas Holder and Its Erection.* (20) Aug. 22. 

Air versus Water (Caissons). John O’Rourke, (1g) Aug. 

The Thirteenth Armory. Scranton, Pa.* (14 

on.* (14) Aug 

The Chicago National Bank Aug. 31. 

The Ethnology Building the Pan Exposition. (14) Sept. 

Test Vault-Light Slab.* (14) Sept. 

endin; 
Sur Fragilité ses Causes Mesure* (33) Aug. 17. 


Water Supply. 


Acid Monongahela River Water. (58) June. 
The Water-Works Chicago.* (4) Aug. 


The Redridge Dam. Aug. 15. 

Winter gation Deciduous Orchards Southern Arizona. (13) 

for Flow Water Clean Cast-Iron Pipes. Frank Bailey. 
13) Aug. 


Flow Turbines.* (12) Aug. 16. 
Noteworthy Water Storage and Works Southern California. Robert 
Fletcher. (13) Aug. 22. 
The Question Water Supply the Southwest.* W.C. Potter. (16) Aug. 
Concrete Reservoir Lining Salt Lake City, Utah.* 24. 
Weirs, Measuring Flumes and Water Registers.* Clarence 
ohnston. 
The East Water-Works Intake Tunnel, Cleveland, (13) Aug. 
14) Aug. 
Dissolved Oxygen and Carbonic Acid Water and their Effect Microscopic Organ- 
isms. George Whipple and Horatio Parker. (14) Aug. 31. 
Reconstruction and Electric Lighting Station Warren, (13) Sept. 
The System the Sad Paulo Tramway, Light Power Com any, Ltd.* (17) Sept. 
uly 10, ending July 


Waterways. 


The Present and Prospects the Canal Works.* James Thomas 
The and Bridge-Regulator. Geoffrey Scott Dalgleish, Assoc. Inst. 
Vol. 
The Chicago River. Thos. Johnston. (4) Aug. 
Effects Dams and Like Obstructions Silt-Bearing Streams.* (13) Aug. 15. 
Barrow Docks and Approaches Land and Sea.* Frank Stileman. (11) Aug. 30. 
Obstructions Commerce and Remove Them. Lewis Haupt. 
30) Aug. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


STUDIE UBER EINE NEUE FORMEL 
zur Ermittlung der Geschwindigkeit des Wassers und 


Stromen. 
Wien, Wilhelm Braumiiller, 1901. 


Richard Siedek. Paper, pp., tab., illus. 


Kronen. 


DONATIONS THE LIBRARY, 


From August 14th, 1901, September 11th, 1901. 
(Total additions, 130.) 


Aachen Technische 
schule. 

Am. Inst. Min. Engrs. pam. 

Argentine Republic-Ministerio Obras 
Publicas. vols. 

Ashbridge, Samuel bound vol. 

Berlin Kénigliche Technische Hochschule. 


pam. 
Boston Pub. Lib. pam. 
Braumiiller, Wilhelm. 
Canadian Min. Inst. vol. 
Canadian Soc. Civ. Engrs. 


pam. 

Floesch, 

Hannover Technische Hoch- 
schule. 

Hill, Quick Allen. pam. 

India Pub. Works Dept. bound vol. 

Inst. Civ. Engrs. bound vol. 


am. 


and Steel Inst. vol., pam. 
Liverpool Eng. Soc. vol. 

Madras Pub. Works Dept. bound vol. 

Philadelphia Bureau Water. bound 


vol. 
Dept. Pub. Works. bound 


Richmond, Va., Supt. 
Works. pam. 

Schneider, 

Squires, F.C. 

Thompson, Robert vol. 

Toronto, Ont., City Engr. 


vol. 
Corps Engrs. 


specif. 


Interstate Commerce Comm. pam. 

Patent Office. vol. 

Western Ry. Club. bound vol. 
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MEMBERSHIP, 


ADDITIONS. 


Professor Topographical Eng., Mass. Inst. Technology, 
Boston, Mass ....... 
Asst. R., Sand Point, Idaho 
Harry, 
Erie Co., New York, Susquehanna 
Western Co., Cortlandt St., New 


Mason Jun. 
Street Railway Eng., Pennsylvania Steel Co., Assoc. 
City Eng., Williamsport, 


REED, 


Jun. 
Civ. Eng., N., Navy Yard, Mare Island, Assoc. 


City Eng., Kansas City, 


ASSOCIATE MEMBERS. 


Bascom, Harry 


(Lehr and Bascom), Res., 720 Hamilton 


Allentown, 
Asst. Eng., Buffalo, Rochester Pittsburg Ry. Co., 
James RuTHERFORD, 
Westinghouse Bldg., Pittsburg, Pa..... 
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CURRENT METER AND WEIR DISCHARGE 
COMPARISONS. 


This paper gives the results series experiments made 
the Hydraulic Laboratory, Cornell University, for the Hydrographic 
Branch the United States Geological Survey, test the accuracy 

velocity measurements obtained with the current meter, used 
different methods. One series, only, used, order that the paper 
may The fifth series selected account the wider 
range velocities embraced it, and also because two meters 
time were used the same discharge section, thus giving comparison 
simultaneous meter and discharge, well meter and 
weir discharge. 

The writer has two objects view presenting this paper. The 
first show engineers and others the degree confidence that may 
placed results obtained with the current meter, under favorable 
conditions; the other bring out the discussion the reasons why 
some engineers look with disfavor the current meter. 
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The Hydraulic Laboratory Cornell University has been described 
elsewhere and will sufficient, for the purpose this paper, 
describe only the canal which the meter measurements were made. 
This rectangular channel having concrete bottom and sides, 415 
ft. long, ft. wide and 10ft. deep, with bottom grade 500. 
There are six rectangular gates its upper end aud four the lower 
end for regulating the water supply. Across the canal, and ft. from 
the upper end, there bulkhead, top which fastened 3.5x 
steel angle-iron forming sharp-crested standard weir, ft. 
long, and 11.1 ft. above the bottom the canal. There are 
above the weir for quieting the water after passes under the gates, 
also one below the weir for similar purpose. 

this series experiments the elevation the water surface was 
measured point 21} ft. stream from the weir, and two points 
164 and 304 ft., respectively, below the weir, with portable hook- 
gauge. Six readings were taken each these points before passing 
the next point. 

Three current meters were used: Small Price meters Nos. 351 and 
363, and Haskell meter No. They were held with insulated wire 
cable and 12-lb. sinker, except Experiments Nos. and which 
the Haskell was held with rod, with freedom tip. Two meters 
time were used the same discharge section. One was started 
the south side, and progressed toward the north side, the other started 
the north side and moved toward the south side. Thus three 
simultaneous discharge measurements were obtained, two with the 
meters and one with the weir. 

Plate shows Haskell meter No. and Small Price meter No. 
363. The Haskell meter the screw propeller-wheel type, the 
four helicoidal blades revolving vertical plane. Small Price 
meter the anemometer type, the five conical cups revolving 
horizontal plane. The total length the Haskell meter ins. and 
the Price meter ins. The former made Ritchie, Boston, 
Mass. the latter made and Gurley, Troy, Y., and 
described their 1900 catalogue. 

The meters were operated the ordinary point method. They 
and ft., depending the depth and the revolutions the meter 
Am. Soc. Vol. xliv, 285, and Engineering News, March 24, 
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wheel counted for two consecutive periods seconds each each 
point. The vertical where the meter was held are indicated 
the centers the little circles the vertical velocity curves 
Fig. This gave from 50. observations seconds each, 
one each 2.3 sq. ft. discharge area, for each discharge measure- 
ment. 

The field force consisted five men: Two meter observers, one 
meter recorder, one hook-gauge observer, and one hook-gauge re- 
corder. The head the weir was obtained subtracting the zero 
reading the hook from the mean hook reading during the experi- 
ment. The weir discharge was then found from achart prepared from 
Bazin’s formula for sharp-crested weirs, which gives the discharge 
cubic meters for head centimeters. 

The depth the meter station was obtained from the mean surface 
and bottom elevations. The area for each foot depth known from 
previous measurement. 

The mean velocity was obtained from the vertical velocity curves. 
The average number revolutions per second the verticals 
each the distances above the bottom was computed and converted 
into velocity from table. These are plotted, using the veloc- 
ities abscissas, and the distances above the bottom ordinates, 
and smooth vertical velocity curve sketched among them. These 
curves, for the first experiments, are shown The mean 
abscissa each curve was then computed, which the mean velocity 
for the whole cross-section, The discharge the product the cross- 
sectional area and the mean velocity. 

The water surface the meter station was quite rough for the 
higher velocities, being succession waves, without eddies 
and was difficult measure its position accurately with 
the hook-gauge. quiet it, somewhat, 12-in. planks, ft. long, 
were suspended from their ends across the canal float its surface. 
Experiments Nos. two these were used, and Experi- 
ments Nos. three were used ft. above the meter station. 
These quieted the surface somewhat, but distorted the vertical velocity 
curves. 

The results the computations these discharge measure- 
ments are given Table The headings the columns are 
self-explanatory. noted that the sign before the numbers 
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VERTICAL VELOCITY CURVES. 


and Series with Sm. Price Meter No. 363 
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TABLE No. For METER AND 


tage. 


Depth, feet. 
Meter velocity, 
feet. 

cubic feet. 
Meter discharge 
cubic feet. 
percen 
Name meter. 
Percentage dif- 
ference meter 
discharge. 


No. Experiment. 


Haskell No. 
Small Price No. 
Haskell 
Small Price No. 
Haskell No. 
Small Price No. 
Haskell No. 
Small Price No. 
Haskell No.3........ 
Small Price No. 
Haskell 
Small Price No. 


2929 

OO 


Small Price No. 
Haskell No. 3...... 
Small Price No. 
Haskell No. 

Small Price No. 


“ 
“ 
“ 


Haskell No.3....... 
Small Price No. 


Small Price No. 
Haskell No. 

Price No. 351.. 
Haskell 
Small Price No. 351.. 
No.3......... 
Price No. 351.. 


AOA 


1900. | 
0.86 
0.99 
2.08 
1.58 
0.75 


1901. 
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Column the sign the correction applied the meter 
discharge reduce the corresponding weir discharge. 
shows comparison between corresponding meter and weir discharges, 
and Column comparison between corresponding meter discharges. 
Experiments Nos. the comparison between the Small Price 
meter No. 363 and the Haskell meter. Experiments Nos. 
the comparison between the two Small Price meters, and Experi- 
ments Nos. between the Small Price meter No. 351 and the 
Haskell meter. 

seen that, general, the difference between any two corre- 
sponding meter and weir discharges greater than that between the 
corresponding meter discharges. This expected, errors 
the calibration weir, the velocity observations, the rating the 
meter, and measuring the head and depth, affect the former, while 
only errors observing velocity, and the rating table, affect the lat- 
ter. case does meter discharge differ from the corresponding 
weir discharge 5%, and case the difference between corre- 
sponding meter discharges the discharge. 

The results these comparisons have been put the condensed 
form shown Table No. 

The mean regard the sign obtained summing the 
positive and negative differences and dividing the differences these 
sums the number positive and negative differences. 


TABLE No. COMPARISON METER AND 


DISCHARGES. 
| 


Having regard the sign. 
Without regard the 
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There appears constant error the Small Price meter work 


Experiments Nos. April 12th. The velocities shown 
that day appear about larger than they should be. This 
could hardly due reduction friction the meter, nor could 
due error the time, the watch used was keeping good time 
before and after this date, and the apparent error extends through the 
whole day’s work. 

Omitting farther consideration Experiments Nos. this 
comparison, for the reason above stated, seen that the mean dif- 
ference between the meter and weir discharge 0.33% for the Haskell, 
and 0.76% for the Small Price meter Experiments Nos. 20; 
and 1.38% for the Small Price No. 351, and 1.56% for the Small Price 
No. 363 Experiments 38. The mean difference between 
two corresponding meter discharges 0.29% for Experiments Nos. 
and 0.18% for Experiments Nos. 38. 

Limiting the still farther the two Price meters only, 
discharge measurements this canal made with the two Price meters, 
the velocity ranging from 1.5 3.0 ft., and the depth from 
ft., the greatest difference between any two simultaneous meter 
discharge measurements 1.68%, the mean difference 0.9%, and 
the mean difference having regard sign 0.18 per cent. nota 
reasonable conclusion draw from these tests that discharge can 
measured with Small Price meter, under favorable conditions, with 
error not more than per 

The degree accuracy ordinary river discharge measurements 
made with meter necessarily less than this canal, and varies with 
the character the discharge section. good discharge section, 
which the bed smooth, permanent, and without obstructions, which 
has good measurable velocity all parts it, low well high 
stages, has shallow parts low stage, and far enough away from 
river bends, mill dams, and other disturbing causes out their 
influence, difficult find. When found may not selected 
account cost maintenance. 


river gauging the accurate measurement the volume 
ing per day and per month that Single discharge measure- 
ment only one the factors which this depends. Daily flow 
found from discharge curve giving the relation between discharge 
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and river stage, and the daily fluctuations the stage. The accu- 
racy the discharge curve depends the accuracy the individual 
discharge measurements, the permanence the river-bed, the posi- 
tion the gauge, and the accuracy the gauge readings. The 


PERCENTAGE DIFFERENCE BETWEEN METER AND WEIR 


SMALL PRICE METER NO 351. 


41, 44, 46, 50, 


Velocity, in Feet. 


SMALL PRICE METER NO, 363. 


Percentage 


Velocity, in. Feet. 


HASKELL METER NO. 


Velocity, in Feet, 


accuracy river stage fluctuation measurements depends the kind 
instrument used for this purpose, its position, and the frequency 
and accuracy the observations. 
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thus seen that the accuracy the current meter discharge 
measurements plays only comparatively small part the accuracy 
measurement stream flow. fair, then, when the monthly 
flow found error, blame the meter for and say 
good”? The only fair test the accuracy current meter work 
one similar that made this canal. When seen that eight- 
een discharge measurements made three days, two persons with 
two these meters, with considerable range depths and veloci- 
ties, the greatest difference between any two made the same time 
less than 1.7%, and the mean difference less than 1%, the great 
value this instrument for measuring velocity evident. 

carrying this investigation the writer desires acknowl- 
edge his indebtedness Newell, Am. Soc. E., 
Chief Hydrographer the Geological Survey, for his hearty co- 
operation, and his permission use this paper some the data 
obtained; Professor Fuertes, Am. Soc. E., Director and 
Dean the College Civil Engineering, Cornell University, for the 
use the Hydraulic Laboratory, chronograph, computing machine, 
current meter, electric register, and for his kindly interest the work; 
Professor Gardner Williams, Am. Soc. E., charge the 
Hydraulic Laboratory, for many valuable suggestions, and for the use 
chart for converting head the Cornell University standard weir 
into cubic meters; Mr. Torrance, Scholar Civil Engineer- 
ing; the members the Senior Class Civil Engineering, and 
Mr. Cass, Assistant Mechanician the College, for cheerful 
assistance. 
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THE WATER-WORKS GUANTANAMO, CUBA. 


PRESENTED NOVEMBER 1901. 


The town Guantanamo situated miles the interior from 
its port entry, Caimanera, with which connected rail. The 
bay one the finest Cuba. was used base the United 
States Navy the late war with Spain, and probably will one 
the naval stations selected under the Platt amendment. 

The country surrounding Guantanamo one the largest sugar- 
producing sections, while the hills view from the town were one 
time dotted with the houses coffee planters. The natural condi- 
tions point bright future for Guantanamo under stable govern- 
ment. Its population 7137. The population within the limits 
the municipality (immediate surrounding country) 063. 

the time the arrival the American troops the town obtained 
its water from cisterns and from the Guaso River runs past the 
town. emerges from cave the hills about miles from 
the town, and elevation about 500 ft. above it. The water, 
from the cavern the plain, clear and cool and ample supply 
the town, but soon after reaching the plain badly polluted the 
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refuse from the sugar mills banks. The question suitable 
water supply early occupied the attention the United States Military 
Government. 

The work was started July, 1899, under the verbal orders 
General Wood, then commanding the Department, Lieut. 
Hamilton, 5th Infantry, Engineer Officer; Hobby, Jr., Chief 
Engineer, and Wilkes, Constructing Engineer. The plans were 
completed and estimate for the work made February 28th, 1900. 
This estimate amounted $115 822.39. contemplated small 
masonry diversion dam situated the narrow gorge the Guaso, 
600 ft. from the town, elevation 250 ft. above it, and about 
miles from the cavern, from which the river flows that 
entirely free from contamination; small settling basin the 
mouth the gorge; 10-in. pipe line the town, and distributing 
reservoir the edge the town. February 10th, 1900, Mr. 
Knowlton succeeded Mr. Wilkes Resident Engineer the work, 
and the writer succeeded Lieut. Hamilton Engineer Officer July 


16th, 1900. The expenditure July 1st, 1900, amounted $111 447.18, 
distributed follows: 


$56 772.74 
299.84 
374.60 


$111 447.18 


For this expenditure the following work was done: 

(a) The excavation for the dam foundation was completed. 

Below the dam, 700 lin. ft. bench for the pipe line was 
blasted out and lin. ft. tunnel was driven, through lime- 
stone. 

Between Stations and 90, 500 lin. ft. bench for the pipe line 
was blasted out. 

The main pipe line was laid, with the exception 930 ft. 

(e) Four river crossings (Nos. and were laid. 

The pipe line had been covered depth ins. for one-half 
its length, the remainder was fully back-filled. 

project the size the Guantanamo work required the most 
careful reconnaissance and investigation. The uncertainty the 
status the Island, and Military control, did not dllow the necessary 
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preliminary work which base accurate estimate. Machinery, 
tools and labor make necessary borings for the investigation the 
dam site were not obtainable the time. The original plans con- 
templated small diversion dam about 500 ft. from the mouth the 
gorge. that point the gorge about ft. width, and the walls 
are best adapted for keying the dam. secure solid foundation 
for the dam involved going depth ft. one place. the 
work developed, the gorge was found full fissures and very 
rotten, that the plans under which the writer found the dam being 
built required the following: 

Dam Las Ninfas.—The dam Las Ninfas located point 
about 880 ft. stream from where the gorge debouches into the valley, 
elevation 200 ft. above the Barracks’ Hill Guantanamo, and 
8.6 miles therefrom. 

The foundation the dam ft. below low water. From the 
foundation the parapet crest the height 32} ft., and the crest 
length from cliff cliff ft. 

design ogee-faced, the curve being reversed parabola 
calculated for head The section adopted was the fifth one 
designed, and was the third one submitted Mr. Knowlton the 
Chief Engineer. 

The length the low-water spillway ft. and its depth ft. 
from the extreme crest the parapet. With depth more than 
ft. water passing, the length the spillway ft. 

Near the reversing point the ogee, and above the deepest part 
the stream bottom, the dam pierced 30-in. circular waste 

sluice, closed with iron gate-valve built concrete against the 
back face. 

the west end the dam built concrete pier rising ft. 
above the parapet and projecting ft. beyond the back face. From 
the top this pier the valve the intake controlled direct 
rod the hand-wheel above, and the sluice-valve operated from 
the same point shafts with bevel gears. This pier occupies niche 
the face the cliff, that there little danger that will prove 

The original plans for the control the gate contemplated shaft, 
ft. diameter and ft. deep, through the east bluff. This bluff 

was found rotten that shaft could not sunk without 
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lining it, and the writer was opposed thelong rodsand double set 
bevel gearing which would have been required control the sluice 
and the intake gate. 


the east end the dam, under projecting ledge rock 
pier ft. height and flush with the cliff face down stream. 

The built hard limestone, quarry-faced the back, fine- 
pointed the front and crandalled the coping and the upper half 
the spillway face. Vulcanite Portland cement was used through- 
out. finely triturated gravel was used instead sand the lower 
portion the dam and for concrete; the upper portion coral 
sand was used. 


There were seventeen streams flowing from the rock within the 
limits the foundation; these were either capped led pipes 
discharge beyond the dam. Ateach abutment there were two large 
seams between the strata, partially filled with clay, nearly horizontal 
and ft. apart. Tunnels were driven and ft. into the cliffs and 
cutting the seams, and the tunnels were then filled with rubble 
masonry cement. Fig. elevation and Fig. cross-section 
Down-stream and up-stream views the dam are shown 
Figs. and Plate XX. 

The 12-in. intake passes through the dam near the west abutment 
below the level the spillway, and the pipe, heavy jacket 
concrete, laid bench blasted from the cliff, and through 
tunnel ft. length which pierces projecting spur (Fig. Plate 
Below the tunnel the pipe lies rock trench blasted the 
bench, and covered with broken stone. This portion the pipe 
rests concrete saddles, ft. square plan, built under each bell. 

The cost the dam for the year ending June 30th, 1901, was 
$15 655.30, which the total cost except for the foundation excava- 
tion and for materials used the temporary work. 

Sand Settling Basin.—The sand box settling basin 
located the river bank above the reach freshets, and about 830 
ft. down stream from the dam. rectangular concrete structure, 
ft. plan inside and about ft. deep, with three division 
walls concrete ins. thickness (Fig. Plate XXI). The water 
enters the floor level the north end, passes over the first parti- 
tion, under the second, over the third, and discharged through 
bellmouth pipe about ft. above the bottom. 
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Sliding doors are fitted each partition, and the floor slopes from 
the sides the center line, and the supply pipe which can used 
blow out the deposit the basin the operation two 
valves ft. stream. 

The supply pipe fitted with sliding automatic cut-off gate, and 
6-in. overflow pipe also provided. 

the top are transverse beams railroad steel which carry the 
flat covering 2-in. pine plank, through which pass the rods for 
operating the flush-gates the partitions. The foundation 
rock, 

The total cost the sand box (all for the fiscal year ending June 
30th, 1901) was 874.71. 

Blow-Off Valve blow-off valve houses are located 
the pipe line, one every low point and river crossing. These are 
concrete construction throughout. They are ft. square and the 
walls are ft. above ground with plain 4-in. pyramidal 
roof. The walls are ins. thickness and each wall there are two 
panels ins. deep, making the thickness the panels ins. The 
concrete roof ins. thick, and bar 1-in, square iron built 
into the top the wall allaround. The only openings are drain 
1-in. pipe, and the door, which iron plate with wrought- 
iron hinges, and fastened with brass padlock. 

The total cost eight valve houses was 963.18. 

Boxes.—There are seven air-relief valves the summits 
the pipe line. Each valve placed above the ground and con- 
nected with the main 2-in. wrought-iron pipe. protected 
rectangular concrete box covered with sloping lid }-in. iron 
plate which hinged the upper edge, and lifts like the lid 
trunk. They are fastened with brass padlocks. All padlocks used 
the valve boxes and the blow-off houses are similar, and open 
with one key. The principal expense constructing the boxes was 
for the iron-work, which cost $35.18 each. 

The total cost seven air-valve boxes was $354.76. 

Keeper’s House Las Ninfas.—The house for the gate-keeper 
Las Ninfas ft. plan, divided into four rooms. One 
these ceiled with dressed yellow pine, and for the use visiting 
inspectors. The other rooms are not ceiled, but all floors inside are 
tongued and grooved yellow pine. The walls are vertical spruce 
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plank, battened; the roof full sheathed with 1-in. plank and covered 
with galvanized iron. covered corridor veranda ft. wide 
the front, and ft. wide the other three sides, extends entirely 
around the house. The veranda floor 2-in. pine; its roof sup- 
ported 4-in. posts with light railing between them. ven- 
tilator the apex the pyramidal roof and 4-in. opening the 
top the outer walls under the veranda roof give good ventilation. 


Projecting Rock 


East Pier 


Elev, 513.25 Parapet Crest___ 


LAS NINFAS DAM 
GUANTANAMO WATER WORKS 


SECTION THROUGH 
SPILLWAY AND SLUICE. 


4 Spillway Face 
Reversed Parabola 


Heart. Rough Squared Stones 
uncoursed, laid 4"apart, jointed 
with Cement Concrete, bedded 


with Cement Mortar. 


Ruins of Concrete . 
Back Water. Dam,” 


Concrete Construction 
Dam 


The foundations are short pieces 12-in. cast-iron pipe filled with 


The total cost the house was $956.25. 


Gutntanamo Distribution Pipes.—Trenches for the distribution 
were opened February 20th, 1901, and the 


q 
a 
2 
2. 
lt Water during construction y =40 xX. 
66630 Water Level in Pool below Dam. ‘El. 497.3 
(©) { i 
| 
id 
ing 
are 
uce 
ta 
4 
4 


814 ROCKENBACH GUANTANAMO WATER-WORKS. 


work was completed May 15th, 1901. There were laid 7.6 miles 
pipe, follows: 


Thirty-six fire hydrants were put in. 
The cost was follows: 


Excavation and back-filling.................. 126.41 


February, avert threatened epidemic, due the dry season 
and the pollution the stream, 2-in. overhead hydrant was put in, 
and carts which formerly obtained water from the river supply the 
town were allowed get water free charge, soon the mains 
were put in, house owners were allowed make connections, under 
the supervision the Resident Engineer and accordance with 
the regulations the Department: connection, with 
18-in. goose-neck and cock the main, and galvanized-iron 
pipe with service box and curb-cock. include June 30th, 1901, 
368 houses had made connections, and can safely said that the 
entire town has been furnished with water for the past four months. 
scheme for control and taxation being drawn and will submitted 
soon possible. 


The total cost the work $206 304.98 
this, the duty amounted to.............. 
The quantity water supplied hours 955 152 galls., 
133.8 galls. per capita. 
The ideal plans which this work was projected made the diffi- 
culties almost insurmountable. cut-stone parabolic dam, built 
native labor Cuba this date, means that the engineer had lay 
out all forms, and watch the cutting and placing each stone. Had 
not been stone mason, carpenter and plumber, well engi- 
neer, the work could not have been done. The works give not only 
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plentiful supply water Guantanamo, but have been good 
mechanical school. Common laborers have become stone masons, 


penters, blacksmiths and plumbers, rising from per day 


ten hours, and have gone sugar estates and towns where they com- 
mand that wage. Two men, trained the work, have opened 
plumber’s shop Guantanamo. 

Freight was excessive when the work was commenced, but owing 
competition was much reduced. For the pipe the main line 
the freight from New York the dock Caimanera cost $7.50 per 
ton. year later the freight the pipe for the distribution system 
was per ton. 

This work, from February 10th, 1900, was under the direct charge 
Mr. Knowlton, Resident Engineer, and great credit due 
him for the ability and energy displayed pushing its 
present state completion. 

needed give supply and equalize the 
pressure the town, and this and the extension the pipe line 
Caimanera will taken later. 

This work, its design, presents little that peculiar original, 
but the execution there much considered those without 
experience the Santiago Province Cuba. 

Labor costs cents per hour, double the cost Porto Rico, and 
the work performed may estimated worth cents the 
United States. far possible, work should paid for the 
piece task. Time worth nothing Cuba, and contractors will 
find that the time allowed for project requires more careful consid- 
eration than any other item. 

Transportation, except the rail and the few metalled roads, 
practically impossible from June 15th November 15th. 

The main requisite constructing engineer Cuba sobriety 
and nerve, new and unexpected difficulties, due climate, native 
labor, and distance from market, will arise. absolutely neces- 
sary that should have workman’s knowledge all the details his 
work. excitable man swearing the top his voice will 
stop the work every Cuban hearing. 

All things considered, concrete the most economical con- 
struction Cuba. The absence frost, and generally uniform 
temperature, allows great variety uses, and its strength 
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very great. construction dam ft. thick, ft. high and 
ft. long successfully withstood ft. water flowing over its 
crest. 

Duty and freight ran all imported material 30%, and labor pro- 
portionately high, that, taking the total cost the work, $206 304.98, 


its cost average cities the United States should not 
$140 000. 
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RAILROAD DISCRIMINATION AGAINST NEW 
YORK, REMEDY. 


Discussion.* 


Herman Jun. Am. Soc. 


Jun. Am. Soc. (by letter).—A great deal Mr. Conrow. 


light has been thrown upon the merits the various schemes water 
communication between the Lakes and New York the papers and 
discussions the last three years. There are still some phases the 
question, however, which have not been discussed. 

much has been written concerning the decline commerce 
the Port New York” that many apparently accepted without 
question fact. Because formerly 70% the export trade the 
United States cleared from that port, claimed that this high per- 
centage has not been maintained, necessarily the foreign commerce has 
declined. But the idea that the Port New York should the 
present time and for all future time export 70% any fixed percentage 
the products this country gross reflection upon the size and 
resources the United States. 

The rate growth the commerce New York very difficult 
thing determine. There are two classes statistics which are 
readily accessible, viz., the values exports and imports and the net 
registered tonnage vessels entering and clearing from the port. 
There are statistics which show the tonnage commerce entering 
and clearing from the ports the United States, except may 


*Continued from August, 1901, Proceedings. See April, 1901, Proceedings, for paper 
this subject Abel Blackmar, Esq. 
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Mr. Conrow. part obtained from the values and quantities given. obvious 


that statistics based upon values alone cannot depended upon 
show either growth decline, for the commerce the Port New 
York might consist exports gold and imports diamonds— 
swelling the values enormous figures—yet the entire commerce use: 
but ship. this case could not properly claimed that 
the commerce the port was growing. Nor can statistics the net 
tonnage vessels entering clearing depended upon show 
anything more than the general direction growth decline; and 
even when values and tonnage are taken conjunction, the results 
must accepted with great deal caution. 

The idea that the commerce the Port New York was declining 
seems have originated the falling off the export grain trade, 
and also because the years following the ‘‘boom” years, 1879-1883, 
showed decline both values and tonnage. Times industrial 
expansion and industrial depression follow each other with more 
less regularity, and who uses statistics should not lose sight the 
fact that figures for years cannot safely compared with 
those panic years, desired obtain trustworthy results. 

Nobody questioned that the United States whole was growing 
from 1881 1891, yet the total exports the United States were 
valued $18 000 000 less 1891 than 1881, and intervening 
year had the figures for 1881 been exceeded.* 

The facts are, that, for the four years, the average value 
the foreign commerce New York was $847 000 000 per year. For 
the four years 1897-1900 the average value was 065 000 000, showing 
growth about 20% years. The average net tonnage for the 
four years, 1880-1883, the vessels engaged foreign commerce 
cleared the Port New York was 085 000 tons, while the average 
tonnage for the four years, 1897-1900, was 390 000 tons. must 
remembered that this not conclusive evidence that the tonnage 
commerce has increased, for part the increase probably due 
the present use very large steamers, the net tonnage which 
large compared with their actual tonnage. But, when taken con- 
nection with the increase values, fairly conclusive evidence that 
the foreign commerce the port has not declined. 

The falling off the commerce New York from the boom” 
years, 1880-1883, until the years, 1893-1896, and, during the 
same period, the decline commerce the canals New York State, 
gave rise the belief that the decline (or more correctly speaking, 
the slow growth) the commerce the Port New York was caused 
the decline commerce the Erie Canal. reality, the decline 

the Erie Canal has had but little with the retarded growth 
New York’s foreign commerce. The real causes lie deeper, and can 
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traced every case the same sources, namely, the great increase Mr. Conrow. 


population living near New York Harbor, and the physical limi- 
tations that port. 

The ways which increasing number people affect the 
foreign commerce its detriment are many. The constantly increas- 
ing ferry traffic and the using slips for local transportation pur- 
poses; the use land the water-front for bridge abutments; the 
larger number piers and bulkheads for the handling of. coal, ice, 
building materials and food supplies necessary for increasing 
number people; the constantly increasing demand for excursion 
boats with the attendant use piers; the growing demands the 
coastwise trade and passenger lines the type the Fall River 
and Albany day boats; the location power-houses, gas-works and 
factories the water-front; the increasing amount water-front set 
aside law for the use the Department Street Cleaning, the 
Board Health and the Fire Department, together with sites for 
floating baths and recreation piers for the city—in addition that 
reserved the United States Government; the increase wealth 
and the number pleasure yachts, using considerable areas for stor- 
age; the increasing amount water-front used storage ware- 
houses; the growth shipyards and manufactories boats, dry 
docks and other the growth shipping; the de- 
mand for parks and the using water-front for park 
are some the uses which occupy constantly increasing amount 
the water-front. 

The aggregate all these increasing demands very great, and 
while the wharfage the harbor constantly being increased the 
extension piers, the rebuilding old piers better locations and 
the building some new piers and bulkheads, doubtful 
the wharfage New York Harbor can increased much faster 
than will needed for the domestic commerce the increasing 
population. 

1897 New York had wharfage 120 miles, which was three 
times great that any other port the world, the second port 
size being Liverpool with its miles wharfage. 

result the large amount water-front required supply 
the domestic needs vast population, the extent water-front 
suitable for foreign commerce limited. The report the Board 
Consulting Engineers for the Department Docks, 1897, contains 
the following: 


other words, the miles water-front which are better 
adapted than any other the use the class commerce which 
the prosperity New York most dependent, only 13.24% now 
foreign steamship lines, and only 27.08% occupied 


all ocean steamships, while occupied rail- 
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indirect effect the increase population must noted 
the fact that the rate wages prevailing New York higher than 
any other port the Atlantic Coast. The average daily wages 
common laborers New York* for the years ending 1898 was 
$1.56 per day; Philadelphia, $1.50; Boston, $1.41, and 
more and New Orleans, $1.25 per day; the average for New York 
over 24% higher than Baltimore and New Orleans. The contrast 
was even greater generation ago, and for the years ending 1874 
the average wages New York for laborers was $1.78 per day; 
Boston, $1.32; Philadelphia, $1.34; New Orleans, $1.33; and 
Baltimore, $1.22. That high wages New York the seventies did 
not have more effect the commerce that time was largely due 
the crude facilities offering competing ports. 

Laborers are not the only class which receives higher wages New 
York than other ports the Atlantic Coast. The same authority 
gives the average wages teamsters for the years ending 1898 
New York $2.10; Boston, $2.04; New Orleans, $1.83; Phila- 
delphia, $1.70, and Baltimore, $1.56. 

examination the statistics for all the different trades shows 
the same fact. Bricklayers New York receive per day; Balti- 
more, per day. Carpenters New York receive $3.50 per day; 
Baltimore, $2.42, and through the list. 

The Department Labor states that statistics comparative 
nature regarding have been published since 1893. 
The Seventh Special Report the United States Department La- 
bor, 1893, gives the average pay Maryland 
$1.37 per day, and the week hours length, while New York the 
average pay given $1.78 per day and the week hours long; 
comparing them upon the same basis wages per hour, the rate 
New York 40% higher than Maryland. 

There can doubt that wages important factor the 
shipment freight, and that the higher wages New York com- 
pared with other ports the Atlantic Coast—especially those the 
southward—has been important reason for the diversion com- 
merce those ports. 

The difference railroad rates cent per bushel favor Phila- 
delphia and Baltimore New York, mentioned Mr. Black- 
mar, does not seem need any other explanation its cause than the 
greater actual cost the railroads delivering grain New York. 
his report, Mayor Symons 

the transportation grain from the western grain-producing 


and storing centers the trunk lines termmating New York City for 
many years have made part the transportation agreement that 


Bulletin No. 18, Department Labor, 1898. 
Report State Engineer and Surveyor, New York, 1897. 
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they (the railroads) shall deliver the grain alongside the ship with- Mr. Conrow. 
out charge therefor, except included the freight rate. pursu- 
ance this agreement the railroads transfer grain from their cars and 
through elevators into lighters, which transported the 
harbor alongside vessels and for which transportation lighterage 
charge cents per 100 equal 1.8 cents per bushel wheat, 
exacted the lighterage companies doing the 
The same authority 
statement that the cost transferring 100 000 bushels grain 
from ships Philadelphia, Baltimore and Newport News 


about $275, little more that cent per bushel, has been 
made.” 


other words, costs least cent per bushel less transfer 
wheat from cars ships Philadelphia, Baltimore and Newport 
News than does transfer from cars alongside ships New 
York. The fact that the railroads deliver the grain alongside the 
ship without charge” should mislead one. the actual cost 
cent per bushel greater New York than other ports, somebody 
must pay for it, and may taken for granted that this somebody 
will not the railroad company. 

The differential, then, not discrimination against New York, 
but merely the recognition the fact that costs more the 
same work New York than does other ports the Atlantic 
Coast. 

Again, the average rental price piers the North 
$49 200 per pier per annum. Capitalized 4%, this represents 
230 000, the value the pier, land under water and wharfagerights. 
The cost building such pier, including the shed, may roughly 
taken other words, the steamship company pays 
the rate 000 000, $40 000 yearly for the use the land 
under water and the wharfage rights each pier. That this rental 
price serious handicap the foreign commerce which must com- 
pete with ports where the same charges are almost nothing, one 
can doubt. Its effect may better understood when stated that 
the steamship companies made clear profit New York cent 
per bushel every bushel wheat exported from New York 1900, 
the total profit would have paid the rental only piers. 

Neither are these piers unusually high-priced, nor will the rentals 
decrease the near future. the twenty which have been taken, the 
rental varies from $28 700 $84 000 per year, and the average term 
lease given years, with privilege renewal for years 
more. four cases there privilege renewal for two terms 
years each increase price over the price the prece- 
ding term, and six cases the twenty the rental for the second 
term years will 10% higher than the price for the first term. 


Transactions, Am. Soc. E., Vol. xxxix, 305. 
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Even the high rentals which now prevail, the demand for such 
piers far exceeds the supply. will thus seen that while the port 
charges New York are high, the tendency toward still higher levels 
very evident. has often been argued that the port charges 
New York should reduced, but one can deny that the rental 
values piers bear close relationship other values New York— 
are, fact, strands the same net—and who would lower the port 
charges New York would better begin operations reducing the 
price real estate Broadway. 

generally recognized that the effect high port charges 
very much greater articles large bulk and small value than upon 
articles small bulk and great value, and results the driving away 
freight large bulk. The capacity the port, then, further 
limited the time required for the handling the enormous quan- 
tities boxes, bales and bundles. manufactured articles along the 
North and East Rivers, the great mass which constitute increas- 
ing proportion the commerce the port. These articles are 
unloaded largely hand, piled the piers hand, loaded 
trucks hand and carted the storehouses practically the same 
way that prevailed one hundred years ago. consequence, the 
amount freight which can handled each pier limited. 

These conditions are found the most congested localities the 
North and East Rivers, and are caused equally the export and im- 
port trades. other parts the harbor, fact wherever possible, 
machinery used for handling freight. 

This necessity for movement freight hand has greater impor- 
tance freight rates are lowered, for becomes larger percentage 
the cost transportation. 

example the cost handling goods New York City, the 
writer knew case recently where organ was shipped rail and 
water from near Springfield, Mass., New York. The charge for 
freight for the whole distance was cents. cost the owner $1.65 
have the organ carted from the pier his home the city. 


existing modes distribution, costs more deliver 
barrel flour from railway depot Jersey City the home the 
consumer, Manhattan Brooklyn, than convey from Duluth 


the other hand, New York has its compensations, and these have 
been sufficiently powerful counteract great extent the advantages 
competing ports. The greatest advantage consists the market for 
imports New York City and vicinity. Its commercial population 
000 000 four times large that any other seaport the 
United States, and furnishes consumers for great quantities im- 
ports. This vast population likewise the greatest contributor pas- 
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sengers any locality the country. Nearly all lines steamships Mr. Conrow. 
carry passengers, and direct advantage this part their ser- 

vice use the Port New York. Another advantage found the 

ocean rates from New York Europe, which ‘are cheaper than those 

from competing ports. Still another advantage lies the fact that 

New York Harbor safer than any other; not only because greater 

depth water, but also for climatic reasons, such freedom from 

violent storms, cyclones, etc.—the Galveston storm being instance 

the conditions with which some other ports have contend. 

Another compensation the Port New York was brought out 
the evidence before the New York Commerce Commission. From New 
York, merchant can ship any port the world, while rival ports 
offer connection with only certain foreign ports. 

The amount grain shipped from New York from year year 
depends largely upon its destination. England wants the grain, 
New York must compete with practically all the ports, while the 
principal demand comes from the Mediterranean ports the competition 
her rivals very much less importance. 

One the main advantages claimed for ship canal from the 
Lakes New York the abolition transfer charges New York. 
Other advocates claim that enlarged canal necessary maintain 
New York’s foreign commerce. These arguments are contradictory. 
New York City the principal advantage increased exports lies 
her port charges. these charges are abolished, wherein does she 
benefit from commerce passing through the port route for foreign 
countries The ‘‘stream commerce” pleasing metaphor, but 
the expense that commerce. The western producer has inten- 
tion that his wheat for Europe shall enrich the ports through which 
shipped except the least possible extent. precisely for 
this reason that selects cheaper ports than New York. 

Every railroad ‘‘stream commerce,” but what benefit 
it, for example, the citizens Syracuse have long trains 
through-freight pass along one their principal streets? Apparently, 
not great benefit, judging from the efforts being made have 
this stream commerce” run less conspicuous channel. 

Nor would ship canal benefit New York. Such amount ton- 
nage the estimates contemplate passing and down the Hudson 
would further aggravate the already congested conditions the port— 
and this, addition the withdrawal interior harbors trade 
which New York now enjoys, would constitute serious menace the 
foreign commerce New York. 

Another phase the canal question, which great import- 
ance consider, the fact that the export grain the United States 
represents largely the cream fertility the West, and when the 
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skimming process has been completed the production grain will 
decrease. The principal difference between the methods the eastern 
and western farmers that the East the farms are fertilized, and 
the West (at least the great wheat-growing areas) they are not. 
The wheat grown the Dakotas, for example, the product the 
natural fertility the soil. The natural fertility last forever, 
or, indeed, for any considerable term years, years constant 
raising the same crop will exhaust the richest soil fertilizer 
used. The United States exported 217000000 bushels wheat 
1898, and the three States, North and South Dakota and Minnesota, 
produced 000 bushels, more than four-fifths this 

The writer has known many cases exhaustion the 
merly, great quantities peaches were raised Southern New Jersey, 
while now very few are, because they can longer successfully 
grown. orchard peaches will exhaust the soil for several 
generations for that The writer knew man who owned 
plot ground cut off the timber and planted peaches the 
area. The peach trees never thrived all, and after trying vain for 
several years, the orchard was abandoned. Happening one day look 
some old records, the farmer found, much his surprise, that peach 
orchard had occupied the same ground years before. The 
writer knows fields where formerly the egg-plant yielded large crops 
and where now that vegetable cannot matured all. 

This exhaustion the soil not peculiar peaches and egg-plants, 
but applies different degrees every food product. The wise farmer 
the East rotates” his crops. does not raise wheat after wheat, 
but lays out his farm mathematically, and that certain crop will 
come certain field only once years. this method, and 
continually enriching, the fertility the soil may maintained for 
centuries, has been the case Europe. 

The day reckoning for the western farmers near hand, when 
they also must put back the soil equivalent that which they 
take from it; and when that time comes the price wheat must increase 
production will fall off. either case the amount exported will 
less than present. 

The United States has never yet had face this must 
within the next generation. this time the answer has always been 
the further west.” But, beyond the Dakotas, the United 
States, the wheat area cannot go, because the Rocky Mountains. 

1840 the center the wheat-growing area was just east Pitts- 
burg. 1898 the five States, North and South Dakota, Minnesota, 
Nebraska and Kansas, produced over 40% the total wheat crop the 
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United States. years the center production has moved west- 
ward about miles. Through New York, Ohio, Indiana, 
Towa and the Dakotas the wheat center has successively passed, and each 
region has its turn contributed its best fertility. 

The western movement the wheat-producing area has been accom- 
panied the decline the amount raised the East. 1840 New 
England produced 800 000 bushels wheat, and 1898 only 140 000 
bushels. New York State produced 000 000 bushels, and 1899 
only 000 000 bushels. The reaction following close behind the great 
western movement can traced far west which reached its 
maximum production 1879, when raised bushels 
wheat. 1899 its production had fallen less than 000 000 bushels. 
The reason for this decline the East that the farmers there cannot 
afford raise wheat the prevailing prices. successful farmer 
long experience has furnished the data upon which are based the fol- 


lowing figures relating the cost producing bushel wheat the 
Eastern States: 


Interest and taxes $100 per acre...... $5.00 
4.00 


The yield* may taken bushels per acre. cents per 
bushel (the average price wheat for the years the value 
the crop, per acre, amounts $15.50, showing net profit 
cents per acre. obvious that, this price, there inducement 
raise wheat the East. Only under the most favorable conditions 
enormous acreage, fertile soil and wholesale methods can wheat 
produced profitably present values. The only reason that many 
farmers the East continue raise wheat all obtain the straw, 
which necessity for their farm stock. 

Wheat will not support dense population. The average consump- 
tion wheat and wheat flour the United States, extending over 


long term years, has been about bushels for each inhabitant per 


year. The average yield per acre 1898 was 15.2 bushels, or, acre 
wheat would supply the wants three 

the other hand, the average yield potatoes New York 
1900 was bushels per acre, which quantity would support very 
much larger number people per acre. New York, 1899, 
average acre wheat was worth $14.83, while average acre 
potatoes 1900 was worth $36.45. 


The farmer who furnished the data stated that his average yield for forty years 
was greater than this, though this figure nearly double that given the Government 
statistics the average yield per acre the Eastern States. 
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1839 New York was the third State the production wheat; 
1899 ranked twenty-third. 1900 the production potatoes 
New York was greater than any other State. This tendency raise 
more concentrated foods will increase the population becomes more 
dense. 

The falling off the exports wheat and other grain from New 
York has been measure due geographical reasons. Kansas 
send export grain through Chicago—no matter how low the charges 
are from there New York— when could reach the Gulf for the 
same cost could reach Chicago? The York rate 
would have almost nothing make the two routes equal. The 
same largely true Nebraska, while Oklahoma nearer the Gulf 
than Chicago. Yet these three political divisions produced, 1899, 
000 000 bushels wheat. Allowing domestic consumption 
bushels per inhabitant, they had surplus about 60000 000 bushels, 
more than 27% the quantity exported from the United States 
1899. 

the United States the export trade wheat not growing 
rapidly. The year greatest exports was when over 225 000 000 
bushels were shipped out the country. Since that time this quantity 
has not been exceeded, spite the fact that the production 1899 
was 000 000 bushels greater than 1892. 

Assuming that the production wheat the United States can 
maintained its present rate, using 200 000 the yearly increase 
population and taking the consumption bushels annually per capita, 
1930 the United States will produce only enough wheat for its own 
consumption. 

These are matters which bear close relationship the future 
development the commerce the United States. 

Mr. North states 


Hence can cut four more cents off the cost marketing 
our wheat, while our rivals cannot decrease the cost marketing 
theirs, our producers, and not foreign consumers, will have the sole 
and again, Any reduction the cost transportation, 


due enlargement the Erie Canal for export purposes would 


influence the entire crop and divided between producer and con- 


Why then, that the price wheat has steadily declined since 
1870 before, spite the fact that transportation rates are now but 
fraction what they were then? For the five years, the 
average price wheat the United States was $1.15 per bushel, and 
for the five years, 1894-1898, the average price was cents per 
bushel. During the same period, the rates wheat from Buffalo 
New York decreased from 11.2 cents per bushel 1870 cents per 
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bushel 1899.* what way has the producer benefited the decline Mr. Conrow. 
transportation charges? 

Bearing upon this question, the writer has known the following: 
About ten years ago some fruit-growers near Philadelphia discovered 
that the Boston market was often much higher than the Philadelphia 
market for early summer apples, and that the cost transportation 
from Philadelphia Boston newly-established line steamers 
was cents per barrel. The news quickly spread, however, and 
many apples were sent Boston that the price there became actually 
lower than Philadelphia. Conditions soon became normal, how- 
ever, and the price early summer apples Boston now cents 
per barrel—plus the profits and risk shipment—higher than inPhila- 
delphia. the time these cheap transportation rates were inaugu- 
rated was prophesied that the producer would greatly benefited 
receiving higher prices, but such has not been the case, for there 
has been steady decline the price this fruit. Evidently, the 
major part the benefit has gone the consumer. The producer 
has received direct benefit through advanced prices, but has 
received benefit from broader market. 

Formerly, frequently happened that summer apples and perish- 
able vegetables all kinds were plentiful Philadelphia that 
great quantities were wasted. This happens very seldom now, for 
cheaper rates all directions have enormously increased the market 
for such products; but the prices have steadily declined. was not 
unusual years ago for tomatoes sell for per bushel 
Philadelphia, June, but cheap and fast transportation has 
transformed these conditions until now such prices are seldom ob- 
tained midwinter. Formerly, the producers southern New 
Jersey, Delaware and Maryland received large profits whenever they 
succeeded producing early crops. Now, the farmers Georgia 
and Florida sell tomatoes New York January. Prices, generally, 
for perishable food products have steadily declined, along with the 
decline transportation rates. But while the farmer fifteen years 
ago could sell only few hundred bushels without breaking the price, 
can now dispose several thousand bushels—at lower price 
true—but without affecting the market. 

every hand the evidence points the same conclusion: That the 
direct benefits cheaper transportation are received the consumer 


lower prices, while the producer receives other benefit than that 
broader market. 


Mr. Mayer 


The Northwestern States are vitally interested reducing freight 
rates Europe, since the home price produce which 


Grain Trade the United States,” 1900. 
Transactions, Am. Soc. E., Vol. xxxix, 
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Conrow. exported considerable quantities equal the price the princi- 


pal foreign markets, less the cost reaching them.” 

This statement can only accepted true part, for assumes 
that the price fixed entirely Europe, which not the case. 

The price such wheat, the resultant many 
forces, which doubt the greatest for wheat the demand 
Europe. But the demand the United States also important 
factor the equation, and would much nearer the truth say 
that, the conditions which fix the price commodity, each coun- 
try contributes proportion its consumption that commodity. 

Europe, including the Russian Empire, consumes about four-fifths 
the total wheat production the world, and the United States 
about one-seventh.* Therefore, the elements which determine the 
price wheat throughout the world, Europe contributes 28, the United 
States while the remaining come from various other countries. 

the United States increases population its influence fixing 
the price wheat will greater and its dependence upon European 
markets less. 

There are two important factors which the advocates deeper 
canals have not given sufficient attention. The first the enormous 

all canals, when compared with railroads, the mat- 
ter speed. disadvantage which cannot eliminated. Time 
money, and contemporaneous with industrial growth every direc- 
tion has been the increase the value time. 

The writer was surprised when Brockton, Mass. (christened the 
Shoe City), learn that the manufacturers there should consider 
matter vital importance that the railroad should maintain special 
fast freight leaving Brockton every afternoon about 4.30 and connect- 
ing with the Fall River boat for New York. this way, shoes made 
one day Brockton were New York the next morning. first 
does not seem that this great haste necessary, but when re- 
membered that the majority shoes conform certain styles and that 
style vogue for only two three months, seen that every 
day appreciable percentage season. 

the cost for wheat all-rail from Chicago New York 
cents per bushel and the time days, and the cost Lake-canal 
cents per bushel and the time days, the difference favor the 
Lake-canal not cents per bushel, but cents less the value 
days, during which time the wheat not available for delivery. 
has sometimes happened that the market price has fluctuated more 
than cents per bushel days. 

The second element which has received scant attention from some 
advocates the question management. All are agreed that 
canal would succeed under the same conditions that have retarded 


Grain Trade the United States,” 1900, 
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the growth commerce the Erie Canal. What guarantee there Mr. Conrow. 


that conditions the future will any better than those the past, 
the State New York constructs the deeper canal. 

Business does not thrive upon uncertainties. When asked the 
New York Commerce Commission, what was the objection using the 
Erie Canal, grain merchant testified: The canal has been hard 
thing depend on; you can never tell when the grain would get 
here.” 

The figures Mr. Rafter* show that over period years the 
average delays due breaks have amounted days for each canal 
season—or for every days the delays caused breaks have 
amounted hardly cause for wonder that commerce has 
declined under such conditions. 

The Erie Canal has never had fair one knows how 
cheaply could transport freight, properly developed. 

Mr. after many years’ experience the transportation 
business the Erie Canal, pointed out that the present capacity 
that canal, determined New York State officials, 000 000 
tons per annum, and this could doubled without deepening the 
canal. was stated before the New York Commerce Commission 
that canal ft. deep would have capacity equal that five 
trunk lines railways. This isso far excess any probable traffic 
that its present capacity ample for many years. Mr. Foote also 
states that using the ‘‘steam train-towage system,” submerged 
wire cables, speed miles per hour may obtained; 
which compares favorably with that estimated for the deeper canals. 

Major Symons states: 

That the traffic the Erie Canal has declined, true, but 
would immediately spring and grow enormous dimensions 
proper barge built its place, legislative restrictions 
the capital operating transportation companies were removed, and 
the business were organized thoroughly up-to-date And 
again: There are decided reasons for believing that would more 
convenient, and better for commerce, have nearly all the western 


products arrive New York lots about tons, place 
having them arrive lots 000 000 tons.” 


These remarks apply well the present canal toa barge canal; 
for the fact remains that the great mass freight transferred New 
York Harbor done upon craft which draw ft. water, and 
the present canal-boat well adapted for such conditions. 

‘The consideration these many phases the question has led 
the following conclusions: 

That the foreign commerce the Port New York slowly 
growing. 


Transactions, Am, Soc Vol. xlv, 


E., 
Transactions, Am. Soc. E., Vol. xxxix, 297. 
Am. Soc. E., 


Vol. xlv, pp. 240 and 
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II. That, the many causes which retard the growth foreign 
commerce New York, the greatest are found the increasing popu- 
lation living New York Harbor, and the physical limitations the 
port. 

That ship canal connecting the Lakes and New York City 
would detrimental the foreign commerce the Port New 
York. 

IV. That barge canal would mainly benefit consumers New York 
and the adjacent States; that would have but slight influence the 
foreign commerce the Port New York; that should under- 
taken only the Federal Government. 

That the Erie Canal has never had fair trial; that with its pres- 
ent depth capable handling economically large tonnage; that 
the State New York should abandon all schemes for canal enlarge- 
ment; should guarantee some definite policy for the future and should 
foster and encourage the development commerce its present 
canals. 


| 
| 
q 
4 
| 


Vol. SEPTEMBER, 1901. No. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions 
any its publications. 


THE CONSUMPTION WATER MUNICIPAL 
SUPPLIES AND THE RESTRICTION 
WASTE. 


Informal Discussion the Annual Convention, July 27th, 1901.* 


FOR 


Consumption Water Municipal Supplies and the Restric- 
tion Waste.” 


Am. Soc. E.—This subject with Mr. Herschel. 


which the speaker has grappled practical sort way for some 
years, not exactly, perhaps, engineer, but wholesaler 
water. There are certain impressions, and certain amount ignor- 
ance the public mind, which society like this should endeavor 
remove. There not much necessity for the education the 
members themselves, for they all are pretty well posted. was 
largely for this reason that, finding the American Water-Works Asso- 
ciation was going meet New York this year, and having been 
member that Association for ten years, without ever having seen 
them, the speaker prepared paper this subject which was read 
before that Association lately New York City, the members that 
Association being very near the public this general subject. 
The speaker’s idea consumption that composed waste 
and use; his idea waste is, everything that stream from the 


discussion this subject, which formal paper was presented, 
tinued from the August, 1901, Proceedings. 


f 
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Mr. Herschel. meter; his idea use is, everything that the consumer chooses pay 


for. The speaker does not believe paternal form government; 
believes that the average shrewd manufacturer would resent gov- 
ernmental interference with his business and would consider that 
did not need wet-nurse tell him how get water for the least 
money. not practicable endeavor teach manufacturers, un- 
less they want taught, and whenever they want taught 
they have the means hand consulting the profession. There 
much salient evil this whole matter that the the 
business may well left for future treatment. Such the vast 
amount water wasted stream from the meter. The regular idea, 
the standard notion, prevailing, not only the public mind, but 
the minds civil engineers, that leak thing that 
shows the surface; and does not show the surface not 
only out sight, but also out mind. There was reason for this 
years ago, when there were large meters built for large pipes. 
That reason longer exists. Such meter has been operation 
9-ft. pipe, and there nothing hinder the same meter from work- 
ing tunnel full water—the Niagara tail-race tunnel, you 
please. Such meters not cost very much, and they have been 
practical use for eight years. Anyone who has never tried meter 
main and seen what reveals him, and the methods and helps 
reveals him his business, has yet great many pleasant expe- 
riences before him. just easy put meter district 
city, whole city, now, has been for the last twenty 
thirty years put single house. Those kinds meters are 
the ones the use which possible find leaks broken 
mains and service pipes, which latter, the opinion, are 
the greater sinners the two the way producing waste that does 
not show the surface. the easiest thing the world for main 
broken completely and run full stream water and nobody know 
anything about for days and months and years. There was case 
this kind Cambridgeport, Mass., about twenty years ago. There 
the streets are very often built oyster shells—or used be, when 
oysters were more plentiful than they are now—and one can readily 
see that the flow from 6-in. pipe, under moderate pressure, such 
also was customary then, broken off dump made oyster shells, 
would never show the surface. Such one was found, and had 
been leaking nobody knew how long. 

the same with service pipes. The speaker had little expe- 
rience that sort his own yard. There barn about 150 
from his house, and extraordinary consumption water led 
investigation the Water Company, which showed that the whole 
house supply could shut off, but long the pipe leading the 
barn was open, large quantity water—it amounted about $36 
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year—went the direction the barn all the time, shown Mr. Herschel. 


close observation the meter. The flow through the meter was uni- 
form, and yet water had ever shown the surface the ground. 
The reason was that the pipe was like sieve throughout its whole 
length; and the point brought out about this pipe—it was 
galvanized iron pipe, had been down about years—is, that had 
not been for the meter, never would have been possible suspect 
find the leak. This single case. Imagine, now, city like New 
York, and managed the same way—imagine the many service pipes 
there, which are probably doing the same thing, being remem- 
bered that New York, for very large part its surface, built 
very coarse sand. Apply the lesson almost any city, and will 
teach the same thing. 

The same example teaches another lesson. many probably 
know, the last eleven years the speaker’s life have been spent 
building wholesale dealer water, called the East Jersey 


Company. sells water municipal corporations the mil- 


lion gallons. also sells water what called the Orange Water 
Company the million gallons. The Orange Water Company did 
not believe meters until they themselves bought meter, and 
from the moment they bought meter, took great time show 
them that they would better sell meter. has worked the same 
way Bayonne, J., and similarly the City Newark, which 
spite its great growth now consumes less water than did four 
years ago. will work the same way anywhere. 

this matter, the speaker believes appealing human nature, 
and letting the results work out for themselves; applying business 
principles what business operation. The furnishing water 
costs money the furnisher seller, and will deal with 
other commodities are dealt with, the lesson will spread other con- 
sumers. Nothing else necessary, certainly not the present time, 
when the gross abuses must dealt with first. 

discussion this sort would very incomplete without men- 
tion the work that Mr. Bailey, Albany, has done within short 
time, the results which were published Engineering News 
April 18th, 1901. longer subject for doubtful premises and 
theoretical arithmetical consideration say what American 
cities can metering water the consumers. That question 
settled, least its general outlines. Mr. Bailey procured the 
statistics American cities and found that the average consump- 
tion these cities was 137 galls. per consumer per day, but once let 
50% the taps metered, and this consumption reduces, the 
average, galls. Mr. Bailey’s table the cities were given alpha- 
betically, but Table No. twenty-four these cities have been 
arranged their order least consumption per consumer. 
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Mr. Herschel. TABLE No. AMERICAN ARRANGED ORDER 


CONSUMPTION PER CONSUMER. 


Consum- PER Day. 
when 
age 
No. City. Taps. taps me- 
wise p- tered. Per consu- 
ulation. mer. 


The average amounts about 400 galls. per tap. Per consumer, 
can stated that should about 60. Anything that not above 
fair, although Providence, I., which compares very well 
with any city the United States general make-up, city 
200 000 people, manufacturing city with water-works more than 
years use, the consumption, believed, has never been galls. 
from the beginning, certainly never for long time much over 
galls and now galls. 

the same way, Table No. twenty-four American cities are 
arranged the order greatest percentage taps metered. Such 
table, course, entirely different from Table No. but instruc- 
tive. Bayonne, J., which stands the head this list, place 
comparatively few inhabitants, and when works like those the 
Standard Oil Company locate such place, they overslaugh the 
consumption the inhabitants, and this particular case, they 
produce consumption fully 50% greater than there were only 
the ordinary amount manufacturing. 
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TABLE No. AMERICAN ARRANGED ORDER Mr. Herschel. 


GREATEST PERCENTAGE METERED. 


Consum- 
age 
No. City. Taps. taps 
se, 

popula- metered.| 
tion. tap. sumer 


such matter statistics indicated these tables, should 
emphasized that numbers that tells. The statistics 137 
cities will yield true lesson, even though great many those 
statistics may found faulty. The number them and the law 
averages makes their resultant lesson true. 

The speaker has had such experience Mr. Trautwine has recited. 
the contrary, knows that has been the cause several cities 
companies introducing meters, simply selling water them 
meter. That all that necessary. The principle involved not one 
science all. There nothing but human nature. The 
individual city knows thinks what doing, can know 
think, until the water measured, both coming and going out, and 
successful the lesson must made appeal the pocket. There 
has been vast amount nonsense spoken the subject meters 
instruments punishment, something cruel and unusual, and 
that the consumer should put the meter pay for separate 
bill. These are notions which have grown up. Now, what 
meter? What the proper object meter? are certain fixed 
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Mr. Herschel. charges that must met. Let the season hot cold, rain 


shine, those fixed charges are going on, and have met the end 
the year. Who pay them? They should equitably dis- 
tributed among the beneficiaries. The cost the water, the ser- 
vice pipe the consumer, let what will—and ordinarily this 
will from $50 $100 per million gallons—should equitably 
distributed among the consumers. meter nothing more than 
instrument for accomplishing this object, and water-works 
operation the question whether not meter should put 
should never have been raised. The meter should have been consid- 
ered part the plant, just much gas meter part ofa 
gas plant electric meter part electric plant; and prob- 
ably the question never would have come up, and all this discus- 
sion never would have been had, water meters, perfect they are 
to-day, had originally been hand. The speaker thinks that the 
only reason, and that the time for any those has gone 
by. meters and small meters are now well built—the ordi- 
nary house meter marvel good construction, durability and 
cheapness—that the speaker does not think the question with regard 
them would ever have arisen had they been available thirty years 
ago their present shape, any more than arose with regard gas 
meters electric meters; and the time for considering them 
anything else than part the plant has gone by. 
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and 


Joun Assoc. Am. Soc. (by letter).—The mr. Gregory. 


authors are congratulated presenting such complete history 
the construction and operation the filter which has contributed 
greatly the advancement water purification this country. 
Various questions relating the design and operation the filter have 
been too ably discussed others for the writer add anything 
these points, but comparison the costs operation the Law- 
rence filter with other filters may not amiss. Such figures are 
readily available have been compiled and are well worthy careful 
study those interested the operation side the question. 

one the tables presented the authors, the total costs charged 
various items are given. order reduce these basis for 


with other plants, the figures have been worked over, using 


unit the cost per million gallons. The results are given Table 
No. 36. 


*Continued from August, 1901, Proceedings. See April, 1901, Proceedings, for paper 
Morris Knowles, Assoc. Am. and Charles Gilman 
yde, 
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Mr. Gregory. TABLE No. OPERATION THE 
LAWRENCE PER 1895-1900. 


Scraping and sanding $2.45 1,38 0.74 1.08 1.08 
1.07 1.94 1.26 1.16 
Removal snow and ice 2.68 2.14 2.06 2.87 1.97 1.98 
9.48 0.45 0.59 0.60 
Total, minus snow and 6.00 6.90 5.13 5.77 5.80 
Pumpage, million gallons..... 1100 1180 1210 1170 1210 


The average total cost filtration for the six-year period was $8.05 
per million gallons. The average cost removing snow and ice for 
the same period was $2.27, and deducting this from the total cost leaves 
$5.78 the average cost per million gallons, minus snow and ice. 

Table No. 36, the costs superintendence and bills are charged 
the various items. order separate these items, and thus obtain 
the cost labor for the various operations, the authors have kindly 
furnished the writer with the figures for 1900, from which the following 
and other tables have been deduced. 


TABLE No. Cost OPERATION THE 


cost. 


Removal snow and ice 1.56 


paper recently read before the American Water-Works Associa- 
tion, the cost operation the Albany filters from July 26th, 1899, 
December 29th, 1900, was given Mr. George Bailey. The 
figures are presented Table No. 38. this table the cost super- 
intendence and supplies charged the various items, but the cost 
maintaining the laboratory not included. 
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Percentage 
cost. 


Scraping 
Wheeling out 
Refilling 


order make comparison with the Lawrence figures for 1900, 
Table No. 37, which the cost labor given, Mr. Builey has kindly 


furnished the writer with figures from which Table No. has been 
deduced. 


TABLE No. Cost OPERATION THE 
ALBANY PER 1899-1900, 501 Days. 


Percentage 
cost. 


° 


Scraping (labor) 

Wheeling out (labor) 

(labor) 

Incidentals (labor) 

Lost time (labor) 

Superintendence 

Supplies 

Wash water 


comparing the labor costs Lawrence and Albany, should 
stated that laborers are paid for day hours Lawrence, and 
$1.50 for the same time Albany. 

The oldest filter plant the United States from which reliable 
given the cost operating this plant from 1877 1900, period 
years. These figures have been compiled from the annual reports 
the Board Water Commissioners Poughkeepsie. The writer has 
endeavored, far possible, from the information given the 
reports, separate such costs should charged construction, 
and include the table only those relating operation. This 


Item. 
100 
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Amount filtered, million 463 
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Operation 
Total, minus snow 
Pumpage, million 


Includes cost removing ice. 

Old sand all removed and washed. 

Includes so-called cost operation. 

Includes cost construction bridges. 


stated here, inasmuch the writer’s figures may not agree exactly 
with those which others may have deduced. Mr. Charles 
Fowler, Superintendent the Poughkeepsie Water-Works, stated 
paper read before the New England Water-Works Association 
1898, that the average cost maintenance and operation, for 
period years from 1877 1896, inclusive, was $2.99 per million 
gallons. The figure deduced the writer for the same period 
would $2.92 per million gallons, the difference between the two 
being due, stated above, the charging certain costs con- 
struction. 

The average total cost operation Poughkeepsie for the period 
covered Table No. 40, 1877 1900, inclusive, has been $3.27 per 
million gallons. During the last three years only, 1898 1900, 
inclusive, has the cost removing snow and ice been reported sep- 
arately. This cost has averaged $0.47 per million gallons, and deduct- 
ing this from the total average cost, $2.42, for the same period, leaves 
$1.95 the cost per million gallons minus snow and ice. 

recent number Engineering News was published the cost 
operating the filters Mt. Vernon, These figures have been 
reduced the basis cost per million gallons, and are given 
Table No. 41. 

The average total cost filtration for the six years, 1895 1900, 
inclusive, has been $3.16 per million gallons. For the last five years, 
1896 1900, inclusive, the average total cost has been $3.33 per 
million gallons, and deducting from this the average cost removing 
snow and ice for the same period, $0.35, leaves $2.98 the average 
cost per million gallons minus snow and ice. 
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THE POUGHKEEPSIE PER 1877-1900. 


$1.47 


Includes cost new sand washer. 


Repairs old bed and inlet basin, and removal and wasting old sand. 
Exclusive leakage. 
Cost tools onl 


New bed built, and put operation December 17th, 1896. 


VERNON PER 1895-1900. 


Items. 1895. 1896. 1897. 1898. 1899. 1900. 

0.02 0.06 0.05 0.10 
Total, minus removing 1.96 2.42 2.88 


Consumption—Million gallons..| 493 608 646 686 726 679 


Only one item reported. 


For conveniently comparing the average cost operating the four 
plants, Table No. has been compiled. 

Passing now from study the cost operation study the 
work detail, some very interesting figures relating the Albany 
and Lawrence plants can deduced. The figures from which the 
deductions the Albany plant have been made, are taken from Mr. 
Bailey’s paper, and the writer, being well acquainted with the condi- 
tions Albany, has made analysis these figures, the results 
which are given Tables Nos. 46. 
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Mr. Gregory. TABLE No. Cost PER GALLONS 


OPERATION LAWRENCE, ALBANY, POUGHKEEPSIE AND 
Mr. VERNON. 


ALBANY.| POUGHKEEPSIE. Mr. VERNON. 


Average total $8.05 $1.66 $3.27 $2.42 $3.16 
Average cost removing 

Average cost, minus snow 


TABLE No. SCRAPING THE ALBANY 
1899-1900, 501 Days. 


Hours Cubic Cost 

Per red (0.7 acre 48.2 62.5 789 8.25 


Average thickness removed 0.66 in. in. 0.055 ft. approximately. 


+1.41 hours per sq. ft. 710 sq. ft. per hour 11.8 sq. ft. per minute 680 
sq. ft. per hours. 


Scraping includes the removal covers from the ventilator shafts 


the vaulting, and the scraping into piles the dirty sand from the 
surface the bed. 


TABLE No. STaTEMENT WHEELING OUT THE ALBANY 
1899-1900, 501 Days. 


Hours Cubic 


4 
| 
Per acre, 80.6 62.5 789 15.41 
2.64 2.04 25.8 0.50 
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Wheeling out includes the handling the running plank, shovel- Mr. Gregory. 
ing the scraped material into wheel-barrows and removing the 
court, raking and screeding the bed, and replacing the covers the 
ventilator shafts. The average round trip distance for removing the 
sand about 500 ft. 

During the last five months that the writer was connected with 
the construction the Albany plant, the filters were put opera- 
tion one after another soon completed, and the opportunity was 
afforded keeping force account all the operations. Mr. Bailey’s 
figures cover all those obtained the writer, but those Mr. 
Bailey the cost raking and screeding the surface the sand just 
prior refilling and starting run included the cost wheeling 
out. For portion the time the writer kept these figures 


separately, and, they are interest, they are given Table 
No. 45. 


TABLE No. RAKING AND SCREEDING THE 
ALBANY 1899. 


Hours labor per bed (0.7 acre, approx.)........... 

Square feet 22.5 


Tables Nos. and the details scraping and wheeling out 
the Albany filters have been given separately. order com- 
pare the relative rates work Albany and Lawrence, these two 
tables have been combined one, Table No. 46, covering what may 
called cleaning the filters, and includes all the operations mentioned 
under the heads scraping and wheeling out. 


TABLE No. CLEANING (SCRAPING AND 
WHEELING OUT) THE ALBANY 1899-1900, 501 Days. 


Cubic 
yards. 


“ 


“ 


hours per 000 sq. ft. 247 sq. ft. per hour ft. per minute 980 sq. 
ft. per hours. 


Cost 

Per bed (0.7 acre, 124 62.5 789 
2.04 25.8 0.77 
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The process scraping Lawrence includes, the authors 
state, the scraping the dirty sand, its removal the bank 
wheel-barrows and the raking and screeding the bed. will 
seen that this compares very closely with what the writer has called 
cleaning Albany, the distance the dirty sand wheeled about 


the same each place. The figures for 1900 Lawrence are given 
Table No. 47. 


1900. 


Hours labor. Cubic yards. Cost labor. 


*Average thickness removed 0.48 in. in. 0.04 ft. 


hours per 1000 sq. ft. 191 sq. ft. per hour sq. ft. per minute 524 
sq. ft. per hours. 


TABLE No. STATEMENT CLEANING FILTERS 
LAWRENCE, ALBANY AND POUGHKEEPSIE. 


POUGHKEEPSIE. 


bridges. bridges. 


Hours labor 228 176 290 181 
sq. ft.. 5.25 4.05 6.66 4.17 
Square feet per hour labor........... 191 150 240 
minute ..... 8.2 2.5 
million gallons......... 1,50 0.46 


Poughkeepsie, prior 1886, and again since 1897, the filters 


have been cleaned the same method that used Lawrence 


Albany. Mr. Fowler stated that the labor required under normal 
conditions, was one man for each 150 sq. ft. surface cleaned per 
hour, including wheeling and elevating the bank. 1886, two 
bridges were constructed, spanning the two sections the bed. 
These bridges were movable, and from them platforms were suspended 
little above the surface the sand. The men stood upon these 
platforms and scraped the dirty sand, throwing the plat- 
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forms. When portion the bed had been cleaned, the bridges Mr. Gregory. 
were moved one end the bed and the sand thrown the 
bank. this process, under normal conditions, one man would 
clean 240 sq. ft. surface per hour. The cost labor Pough- 
keepsie was not given, but these figures, with others derived from 
them, are compared Table No. with corresponding ones Law- 
rence and Albany. 
Tables Nos. and will found the details the sand 
washing operations Lawrence and Albany. 


TABLE No. WASHING SAND THE 
LAWRENCE 1900. 


Hours labor. Cubic Cost labor. 


gallons filtered................ 
Wash water per cubic yard sand 


Wash water, volumes water per volume sand 270 cu. ft., 020 galls. 
water per cubic yard sand. 


TABLE No. STATEMENT WASHING SAND THE ALBANY 
1899-1900, 501 Days. 


Hours Cubic Cost 

labor. yards Barrows labor. 


Wash water, volumes water per volume sand cu. ft. 2525 galls. 
water per cubic yard sand. 


Lawrence, washing includes the screening the dirty sand 
the first traveling hopper the washer and the transportation 
from the draining boxes the permanent storage bank, together with 
such attention the washer itself requires. 

Albany, washing includes the handling scraped sand from 
the storage piles the sand washer, attendance the sand washer 
and removing the washed sand storage pile. 

both places the ejector type machine used, the nozzles 
Lawrence being horizontal, while those Albany are vertical. 
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The process sanding Lawrence, and refilling sand Albany 
are nearly the same. The authors state that sanding includes remov- 
ing the clean sand from the storage bank the surface the bed, 
distributing layers and smoothing the surface, also the labor 
necessary prepare the surface the bed for this operation. 
Albany, refilling includes removal washed sand from storage piles 
into the filter, loosening the top layer the sand about deep 
and leveling the new sand. 

The work both places would directly comparable but for the 
fact that the Lawrence figures include one scraping the surface just 
prior sanding. the labor for but portion the 
total charged sanding, the writer believes that the figures for 
Lawrence 1900, given Table No. 51, are fairly comparable with 
those for Albany given Table No. 52. 


TABLE No. AND SAND THE 
LAWRENCE 1900. 


Hours labor. Cubic Cost labor. 


Total 


million gallons 


-TABLE No. REFILLING SAND THE ALBANY 


1899-1900, 501 Days. 


Hours Cubic Cost 


Although the cost operation Lawrence has been high, 
should remembered that the filter uncovered one, that 
climate subject times severely cold weather, and that has been 
operated under rather disadvantageous conditions. But spite 
all this the money has been well spent, and the good work accom- 


plished has been recognized engineers and fast being recog- 
nized the public large. 
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Esq.* (by the writer’s experience Mr. Fowler. 


with the open filters Poughkeepsie, covering period twenty 
years, has not observed that the delivery the filters, immediately 
after scraping, was any wise affected air entrained the sand, 
although was the invariable practice, until within years, 
fill the filters flowing the water over the sand. 

The manipulation the filter prior and during scraping, how- 
ever, will affect the immediate delivery very materially. fact, the 
writer has known scraping performed such manner and 
under such conditions absolutely stop the flow, and the opera- 
tion had repeated different manner and under different con- 
ditions before any water could coaxed through. Undue pressure 
head, habitually frequently carried, has strong tendency pro- 
duce the result mentioned. The practice forking deep raking 
also tends the same direction. these prior conditions and the 
bed little too moist will require but small amount inattention 
the part the person charge, and improper handling the 
shovels the scrapers, effect very material reduction the 
delivery immediately after scraping. the bed good order, the 
immediate delivery may varied the depth sand removed 
scraping, even when the filling from below. 

The maximum head allowed the Poughkeepsie beds, during 
recent years, Sometimes they are scraped when the head 
less, depending upon the rate head and the condition 
the applied water. Ordinarily, the head immediately after scraping 
less than ft. 

became necessary scrape the beds April, last, when the 
applied water was unusually turbid condition. The head before 
scraping was Intentionally, less than the usual depth sand 
was removed, and the head starting was 2.0 ft., the beds being 
filled from below. The chief object filling these beds from below 
avoid furrowing the sand the inflowing water. 

scraping the Poughkeepsie Beds, the sand not first placed 
heaps, described and illustrated the paper, but, when lifted from 
the surface the shovels, deposited barrows. Sandals are 
not used. smoothing the surface the sand after scraping, the 
back rake only used. Even the shortest teeth are not used, the 
endeavor being cause little disturbance the sand surface 
possible. Shovels are not allowed stuck vertically the sand. 

The minimum cost scraping about $46 per acre, 0.12 cent 
per square foot. The men employed are picked for the occasion, 
and are such not readily find employment elsewhere. They are 
about the lowest grade laborers. The minimum number employed 
23, and they occupy days, hours each, scraping acres. 
Superintendent and Engineer Public Works, Poughkeepsie, 


— 
4 
4 
q 
pe 
q 
7 
| q 
7 
f 


848 DISCUSSION LAWRENCE, MASS., FILTER. 


Each man receives $1.50 per day. The walls the basins are vertical, 
and the top the coping about ft. above the sand surface. The 
cost scraping given above includes depositing barrows, wheeling 
the corners basins, throwing top coping and trimming 
back pile. Two laborers are employed about the beds and 
grounds, but are not used scraping. During the intervals between 
scrapings these men wheel the storage pile the sand thrown 
from the filters. 

was formerly the practice wash the scraped sand and store 
for replacing. The washing being done through the 
spring, summer and fall months. the present practice store 
the sand unwashed, during the year, and when the time for replacing 
arrives, usually October, the sand washed and replaced the 
beds washed. much greater number men employed, and the 
operation requires about days wash and replace one year’s scrap- 
ings area acres. The sand thrown into hopper the 
storage pile and forced water-jet series inclined troughs 
discharging into tank from which the silt and dirty water overflows, 
and water-jet the bottom forces the sand pipe tank 
set over one edge bed, the water flowing off the top and the 
sand discharging pile the surface the bed. 

The sand distributed over the bed barrows. There 
carting, and the only wheeling the bed. 1900 the cost labor 
for washing sand was 32.2 cents per cubic yard. The cost labor for 
washing and replacing was 58.4 cents per cubic yard. The total 
quantity washed and replaced was 910 cu. yds. The average quantity 
per hour was 6.78 cu. yds., and per day, 54.3 cu. yds. All the quanti- 
ties given are for clean sand measured the bed. The pay the 
laborers was $1.50 per day hours. 

The yearly cost ice removal varies with the thickness the ice, 
the number times taken off, distance removed, etc. For the 
three years prior 1900-01 the cost $146.61 $440.49; 
average, $281.01. the ice was taken off only once, and the 
cost was ice was much thicker than usual, averaging 13} 
ins. the old bed and ins. the new bed, each bed being acre 
area. The distance which the greater portion the ice was 
removed was also materially greater. The work was done entirely 
manual labor, and occupied hours. The minimum number men 
employed was and the maximum 64. The rate pay was $1.50 for 
The men comprised all kinds laborers who chanced 
want employment. 

The ice was sawed one direction and broken chisels the 
other. The cakes were floated the side the basin, and 
pulled men with pikes. The surface the water was main- 
tained near the coping practicable, generally less than ft. below 
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the top. After the cakes were lifted out they were pushed nearly 
horizontal runs the place deposit. This the most costly part 
the operation. The cost cutting and lifting the ice out the 
basins was $289.32 for the entire area, -$192.88 per acre. The total 
cost per acre filtering area was $408.66. The total cost per million 
gallons filtered was cents. There removal snow 
with the ice. The ice covering the beds not allowed touch the 
sand any time can avoided. 


Morris Assoc. Am. Soc. E., and 
(by letter).—The writers are small measure gratified the 
response with which the publication their paper the Lawrence, 
Mass., city filter has been met. They feel that the nature and scope 
the discussions have been such that the paper has been given 
value which would otherwise have lacked. This due not only 
the extended reference the general principles involved filtration, 
and the salient features the design and operation the par- 
ticular filter question, and other works, but also the careful 
and elaborate statements and tabulations cost which appear several 
discussions. 

the sections which follow, the writers have made such addi- 
tional explanatory statements will serve complete the informa- 
tion relative the filter,where the discussions have shown the data 
the original paper meager; and have suggested answers the 
important questions which have been presented. 


POPULATIONS. 


recomputation the total population resident 1900 upon the 
water-shed the Merrimac River above Lawrence has been made 
upon different basis from that used producing the figure 
originally presented the writers. The revised estimate 480 000 
persons agrees very closely with that Mr. Hazen page 603.* The 
figure for urban population deduced the writers, however, differs 
from that Mr. Hazen account the assumption, the first case, 
000 limit rural population township, while Mr. Hazen’s 
estimate based upon limiting rural population 000. 

The writers are glad have corrected estimate the total water- 
shed population the Hudson River above Albany, and have included 
the changed figure Table No. But they would, the same time, 
call attention the fact that the rural population 1890 added 
the urban total per square mile obtained. This 
means, compared with Mr. Hazen’s new figures, the marked reduction 
rural population 30% ten years. 


Proceedings, Am. Soc. E., for August, 1901. 
Proceedings, Am. Soc. E., for April, 1901, 
Transactions, Am. Soc. E., Vol. xliii, 284. 


Mr. Fowler. 
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CoNSTRUCTION. 


The suggestions Mr. that part his discussion en- 
titled, Conditions Due the Construction the Filter One Unit,” 
relative the erection division walls across the filter, appear 
most pertinent. this feature were introduced, there little doubt 
that the work maintenance would rendered more satisfactory 
many ways, and much more economical. 


INVESTIGATIONS REGARD CLOGGING AND RENEWAL 
UNDERDRAINS. 


Since the presentation the paper, the writers have had oppor- 
tunity finish the compilation the necessary data, and prepare 
comprehensive statement regarding the conditions which led the 
repair work during the years 1898 and 1900, together with some refer- 
ence the results obtained. Allusions these matters have already 
been made several discussions the paper, and the information con- 
tained these and the following statements will, believed, 
answer Mr. Soper’s inquiries and Mr. Weston’s question. 

Conditions for Few Years after Construction Filter.—F two years 
following the construction the Lawrence filters, serious difficulty 
was found, for any continued interval time, obtaining from 
supply water entirely adequate for the demands the city, without 
the necessity operating the pumps for more than about two-thirds 
the day, nor during Sundays and holidays, and without producing 
excessive loss head. Especially during the warmer portions the 
year, the filter was found work admirably, although the average loss 
head under ordinary working conditions was always, after while, 
greater than the beginning. 

The circumstances operation and scraping during the coldest 
weather, however, were unsatisfactory, owing the lack cover 
over the filter. the water surface thick ice would form, 
which, when the filter was drained for scraping, lowered with the 
water down the sand, thus disturbing the schmutzdecke. When the 
water rose again the filter, portions the sand were brought 
with the ice, leaving the surface raw and broken, sometimes 
considerable depth. addition, the freezing the sand surface 
wherever was exposed for scraping, the necessity for scraping 
quickly (which unfortunately led the practice scraping only those 
beds nearest the pumping station, and allowing those further away 
remain uncleaned for long periods during the winter), together with 
the lower temperature the water, all combined gradually increase 
the loss head. The serious effects produced this state affairs 
obtained throughout all seasons, but especially during the cold 
weather, such extent that, force the required amount water 
through the filter, the water the pump-well was drawn down 
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level below the point discharge the underdrains the beds, thus 
allowing air pass through them back into the filter. 

Later, the filter appeared clogging elsewhere than the 
surface, until, some extent during the cold weather 1895-96, and 
greater degree during the winter was found that the 
usual quantity water could not obtained from the filter, even 
with the maximum possible loss head; consequently, the rate was 
diminished and the hours pumping increased. During the winter 
1897-98, these conditions became largely aggravated, and, Feb- 
ruary the latter year, was found necessary run the pumps day 
and night, with interruptions only allow the water rise the 
pump-well sufficient height provide water for the pumps. The 
loss head was constantly equal the maximum difference eleva- 
tion between the water the surface and the bottom the under- 
drains, while the surface the water the conduit was often much 
lower than the latter. Notwithstanding the continuous pumping, 
which oftentimes could not carried speed greater than two- 
thirds the customary rate, the water the reservoir, the capacity 
which was equivalent about two weeks’ supply for the city, con- 
tinued lower until half the storage was exhausted, and partial 
water famine became imminent. Scraping the beds (which the very 
coldest weather was almost impossible) appeared produce but little 
benefit, and the conditions were such lead grave apprehension 
the part the Water Board. The advent warmer weather 
March, 1898, however, permitted filtration carried under some- 
what more favorable circumstances, and the reservoir was gradually 
filled during the following month. 

Investigutions the Lawrence Board.—The serious aspect 
the problem confronting the Water Board, which, one the writers, 
Mr. Knowles, was member, led the undertaking series ex- 
periments ascertain the relative extent the clogging different 
portions the filter area, and the head required force water 
through successive layers the main body the sand the 
filter these places. For this purpose there were used tubes 
various lengths, having interior diameter about ins. These 
were constructed galvanized sheet-iron with conical bottoms, which 
were perforated with small holes and provided with fine screen 
brass wire the junction the base the cone with the tube, 
order prevent the entrance sand.* The tubes were set into the 
sand, over the southerly ends the pipe underdrains, Beds Nos. 


and 21, with the tops somewhat above the elevation the surface 
the water the filter. 


Similarly constructed tubes have been used the writers with gratifying success 
upon other work, and there doubt their value instruments ascertain the 


variations rates filtration different parts, and the loss head through different 
depths filter. 
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Messrs. When the filter was operation and the pumps were running, obser- 
Knowles and 


Hyde. 


vations the relative elevation the surface the water the tubes 
and the filter indicated the loss head various depths. 
February 26th, series measurements was made with tubes placed 
each bed depths and ins. below the surface the sand, 
and, March 17th and 18th, the experiment was repeated with the 
addition fourth tube, the bottom which rested directly the 
top the gravel average depth ins. below the 
sand surface. February 26th the observations were taken half- 
hourly, through interval hours, and, March 17th and 18th, 
taken hourly, through intervals and hours, the fluctuation 
the elevation the water the tubes being inconsiderable all times. 
The results these experiments are shown Table No. 53. 


TABLE No. DETERMINE THE VERTICAL 


LAWRENCE 


FEBRUARY 26TH, 1898. 1898. 
tube below 
surface 
sand. 
Bed Bed Bed Bed Bed Bed 
No. No. 11. No. 21. No. No. 11. No. 
anaes ** to top 0 82 18 
under- 
drains. 
100 100 100 100 100 100 


During the experiments there was constantly maintained total loss 
head ft., which the maximum obtainable with the surface 
the water the filter its usual elevation. will seen that the 
loss head the upper sand layer was apparently, all cases, com- 
paratively small percentage the total, but possible that these 
results were vitiated the fact that the tubes, being set into the sand 
depth ins. only, allowed the water the filter, undera head 
somewhat more than ft., force itself downward along their sides 
and through the perforated conical bottoms, thus giving apparent 
loss head much less than the actual. 

Bed No. near the pumping station, the entire loss head was 
found occur, during both series observations, within the upper 
ins. the sand layer. Bed No. 11, 29% the total head 
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was lost the upper and the entire head was used 
passing through the main body sand, the loss the underdrains 
being inappreciable. Bed No. 21, representing the easterly portion 
the filter, farthest from the pumping station, where subsequent 
excavation proved the underdrain material badly clogged, the 
experiments showed that the loss head the upper ins. the 
main sand body was from 27% the total, and that the lower 
and underdrains was about 70%, which the more compre- 
hensive experiments March 17th and 18th indicated that 53% was 
lost the gravel underdrains alone. 

The results these studies indicated that there was portion 
the filter which contributed but little the water supply for the city. 
was thought best, however, before doing anything further, con- 
sult the State Board Health, under whose advice the filter was built. 

Application Lawrence Water Board Massachusetts State Board 
Health for Advice; and the Reply.—At meeting the Lawrence Water 
Board, held March 4th, 1893, was voted address the following 
letter the State Board Health: 


Lawrence Water Board respectfully represents that the mun- 
icipal filter does not furnish sufficient water for the demands upon our 
system. are led believe, from limited experiments showing the 
loss head, that portions the filter are clogged. 

desire advised your Board regard the proper 
method adopted restore filter its proper capacity, 
co-operate with and advise what further experiments may neces- 
sary determine what portions need renewed.” 


response this request, the engineers the State Board 
Health made, during the following summer, examination the 
condition the filter, and investigation the methods 
manipulation and maintenance since its construction. means 
properly distributed tubes, sunk various depths the sand 
many the beds, the rate draining these beds was ascertained 
when the water was below the surface. Current meter observa- 
tions were made the rate flow from the underdrain each the 
beds discharging directly into the old filter gallery and the total flow 
from those discharging into the conduit. several beds the east- 
erly portions the filter, where tube measurements indicated sub- 
surface clogging, excavation was made examine the lower sand layers 
and the condition the underdrain material, principally the vicinity 
the underdrain pipes and the main conduit. 

result these studies, September 19th, 1898, the State 
Board Health sent the following reply the Lawrence Water Board, 
regard the general condition the filter and the method which 
might improved: 

The State Board Health received from you, March 5th, 1898, 


the following request for advice with reference improving the capacity 
the Lawrence City Filter. 


Messrs. 
Knowles and 
Hyde. 
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Board has examined the available data the operation and 


and management the filter and the consumption water furnished 


from the records kept your Board, and has made investigations 
determine the quality and condition the sand the filter, and the 
condition the underdrains compared with their condition when 
first placed the filter five years ago. The Board has also made many 
experiments determine the cause the reduced capacity the filter 
and the best method relief. 

Analyses many samples sand collected from all parts the 
filter show that, while the size the sand probably slightly 
finer than when first placed the filter, account silt carried 
the river water, the increase the fineness the sand not sufficient 
cause very material reduction the quantity water that would 
pass through the filter. 

careful examination the height water the sand the 
filter while was being drained showed that, while the portion nearest 
the pumping station, amounting approximately half the area, for the 
most part drained down rapidly, the water the easterly half the 
filter did not drain down readily, and some portions remained, 
several hours draining, but little below the surface the 
sand. 

Excavations were made through the whole depth the sand and 
into the gravel forming and surrounding the underdrains. The sand 
was found clean and unobstructed throughout its full depth, and 
the portion the filter near the pumping station the gravel under 
the sand was found where examined good condition, and the 
water appeared drain freely through it. More attention was given 
the easterly portion the filter, where, has been stated, the 
water did not drain readily from it. Here, elsewhere, the sand was 
found nearly all parts clean and unobstructed down the 
gravel; but within the gravel and between the stones surrounding the 
drain pipes and the joints the drain pipes was found deposit 
gelatinous iron rust, together with some plant which 
grows water containing iron, which deposit allowed very little water 
enter the drain pipes. This deposit was more dense the middle 
and upper portion the layer gravel, where air has entered this 
layer from the underdrains when the water the pump-well has been 
drawn below the top the underdrains. 

evident from the character this deposit that air essen- 
tial its formation; and the only way prevent its formation the 
future the filter, was intended run from the time 
construction, with the water the pump-well always above the 
top the underdrain, not below the level ft. the scale 
heights. 

This portion filter can rendered efficient excavating 
trenches ft. wide across the filter, line and over the under- 
drains, removing the gravel for this width, washing and relaying the 
pipes, and the same time extending the lines 4-in. pipes distance 
about ft. from their present termination and placing clean gravel 
about them, was originally placed, adjacent such pipes; then 
filling the trench above the gravel ft. with the washed 
sand which you have upon the bank, and filling above this and over 
the present top the filter between the nearest carriers with the 
remaining sand from the excavation. This process should contin- 
ued over much the filter does not allow the water drain from 
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the sand freely, which includes large part the easterly half the 
filter and small portion the remainder. 

When the filter was constructed, you were advised that the whole 
surface should cleaned once month, and that certain portions 
should cleaned oftener times freshets. Your records show that 
the easterly portion the filter has been allowed remain uncleaned 
the cold season much longer time, even reaching period four 
five months, while the portion nearer the pumping station has been 
cleaned more frequently. this fact probably due the larger de- 
posit iron the gravel the easterly portion, and the Board 
regards important that the original instruction regard cleaning 
the filter should carried out maintain its efficiency. accom- 
plish is, the opinion the Board, necessary that the 
filter covered, effectually prevent the formation ice upon its 
surface. 

completing the relaying the underdrains and upon 
restoring the filter bed its original depth, should hereafter 
maintained that depth; and, keep the most efficient condition 
for purifying the water, should run intermittently, originally 
designed. 

have found the filter delivering abundant supply water 
during the past four months, but from this you cannot conclude that 
will continue so, for during the season the formation ice 
the sand will allow only about two-thirds much water pass through 
summer. Your experience last winter shows that 
necessary act 

entering upon the work covering the filter with roof 
prevent freezing and removing the gravel clogged with iron with- 
out delay, probable that enough work can done before the 
beginning winter insure sufficient supply filtered water for 
the 

October the Lawrence Water Board submitted the foregoing 
communication the City Council, with the request that sum 


money, not exceeding $37 000, appropriated for the construction 


over the filter. same time the Council was informed 


that was the intention the Board proceed once with the work 
reconstruction the underdrains accordance with the recommen- 
dations the State Board Health. 

Renewals 1898.—The work during this year consisted the 
excavation several beds the easterly portion the filter, which 
investigation had shown most clogged, the relaying the pipe 
underdrains and underdrain material, and the replacing old and new 
sand the original grade the surface; together with the screening 
and washing various sizes gravel and sand, amounts sufficient 
for the work. All this work was under the direct charge Mr. 
Walter Spear, E., from whose report the Water Board the 
writers have compiled many the following data. Screening and 
washing the gravel and coarse sand was begun during the latter part 
September, and was carried until December 14th, whenever the 
weather permitted, except during the period 
the filter beds. 
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Owing the decreased rate operation the filter, due its 
clogged condition, and the consequent diminished storage the dis- 
tributing reservoir, became difficult matter obtain intervals 
sufficient duration, with suitable weather, which carry the 
actual work upon the filter. The first work reconstruction was per- 
formed from October 18th 21st, when the underdrains Bed No. 15, 
and ft. that Bed No. were relaid. severe storm prevented 
further operations, and was not until about the middle November 
that another suitable opportunity was secured. this time, from 
November 14th 18th, the underdrains Beds Nos. 14, and 19, and 
the remainder No. were relaid, and, together with Beds Nos. 
and 13, were brought the required grade with sand. The next oppor- 
tunity for labor the filter came December 6th, from which time 
work was pushed day and night December 9th, and Beds Nos. 16, 17, 
and were improved and brought grade. 

The work reconstruction was performed accordance with the 
general recommendations the State Board Health. each bed, 
with the exception the first, braced and sheeted trench ft. 
width was excavated, extending from the down-stream northerly end 
the underdrains, point near the southerly extremity the beds, 
ft. from the main distributing channel. The clean sand was thrown 
out the trenches each side upon the surface the filter beds. 
The gravel underdrain material, which was found almost com- 
pletely obstructed with deposit gelatinous iron rust, and growth 
Crenothrix, occurring especially the upper layers, was wholly 
removed, together with the pipe underdrains. 


TABLE No. UNDERDRAIN MATERIAL USED 
RENEWALS 1898. 


Inches. Feet. Inches 
Coarse sand. 


The bed the filter, consisting blue clay, was prepared for the 
relaying the underdrains placing over layer unscreened 
gravel in. more thickness. The old pipe underdrains were 
washed and relaid, and the lines extended southerly direction 
with 4-in. pipes, for distance about ft. The grade all pipes 
was 100, except Beds Nos. 16, 17, and 22, where the last 
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ft. were laid flat, order keep their elevation low pos- 
sible. The original method laying the pipes with open joints, 
that the spigot one approached but did not enter the bell the next, 
was adhered reconstruction; each joint being surrounded with in. 
layer 2-in. gravel. the first gravel layer there were placed suc- 
cessive courses material the width and depth shown Table No. 54. 

saving the amount 2-in. gravel surrounding the pipe under- 
drains was effected Beds Nos. 16, 17, and 22, using this 
material the joints for distance ins. only, either direction; 
the intermediate ins. each pipe being surrounded gravel. 

Upon the coarse sand, superposed the gravel, there were 
deposited from ft. fresh washed sand, and upon this the sand 
which was excavated from the trench was placed, bringing each bed 
the original elevation designed; about ft. higher than the grade 
prior reconstruction. Beds Nos. and 22, the flow ground- 
water, which had originally caused some trouble the construction 
this portion the filter, was encountered, and necessitated particular 
care bracing and sheeting, especially the northerly portion the 
beds, order prevent the sand from working into the trenches. 

The total cost this work, estimated Mr. Walter Spear, 
was 709.58, itemized Table No. 55: 


Cubic Yards. Items. Cost. Per Yard. 
Unscreened gravel (used over bottom).. $60.50 

421 Gravel several sizes (screened city 
Coarse sand, screened and washed...... 35.11 0.59 
Vitrified pipe, lumber and supplies.... 240.96 
Total for material............. 
600 Excavating and refilling trenches...... 008.19 
300 Removal clogged gravel from under- 
314 New gravel and 412.17 1.31 
900 Washed sand trenches.............. 561.30 0.62 


Total for labor and material......... 709.58 


DEDUCTION FOR UNUSED 


157 Screened gravel, several sizes.......... $553.90 
137 Washed gravel 323.93 


Net actual cost reconstruction 


827.07 
per bed 


Knowles and 
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Results from Renewals 1898.—An increase the capacity 
the filter became apparent immediately after the reconstruction the 
first five beds; namely, Nos. and 19. determined 
the engineer charge the work that time, basing estimate upon 
the average rates pumping for one day immediately before and one 
day after reconstruction, with conditions loss head and tempera- 
ture reduced 5.0 ft., and 50° Fahr., respectively, the gain quantity 
received from the filter was about per cent, the same method 
comparison, the apparent gain the capacity the filter, after the 
completion the nine beds, using the results October 16th, prior 
the beginning the work, and December 14th, after its comple- 
tion, was about per cent. 

According estimate made the writers, reducing uniform 
basis the average data the loss head, temperature water, rate 
pumping, and actual quantities pumped for equal periods days, the 
apparent increase the capacity the filter was The 
days used were October 12th 18th, prior the beginning the 
work, and December 10th 16th, after its completion; the surface con- 
dition the filter being very nearly the same each case, although 
probably slightly more favorable during the first period. similar 
estimate, based upon the comparison the first 7-day period, prior 
reconstruction (October 12th 18th), with 4-day period immediately 
following complete scraping the surface the filter, April 5th 
and 6th, 1899, about months after the completion the work, failed 
show any increase the capacity the filter. However, likely 
that these later results are not wholly trustworthy, owing the prob- 
able rapid filling the filter after scraping, and the consequent im- 
prisonment air the sand, thus producing loss head excess 
that which might consistently expected with such surface condi- 
tions obtained during the April period. 

Renewals 1900.—During the year 1899 further work im- 
provement the filter was attempted. 1900, however, the work 
was resumed, four beds being rebuilt, completing the reconstruction 
thirteen beds, representing the entire easterly portion the filter. 
The work was carried during the year direction Mr. 
Collins, recently immediate charge the manipulation the 
filter, and now Superintendent Water-Works. 

Beds Nos. 20, 23, and were reconstructed upon the following 
dates: No. May 25th; No. May 31st and June Ist; No. 
June 7th and 8th, and No. September 26th. The general methods 
excavation and relaying used during the work 1898 were followed 
during 1900, with the exception that the main conduit was cleaned and 
relaid, and, like the underdrain pipes, was placed upon cypress planks 
and ft. long, fastened together endwise with cleats. 

Table No. shows the length underdrain and conduit rebuilt, and 
the cost the work directly upon each bed. 
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The condition the underdrain material all the beds rebuilt 
during this year was about the same found 1898, the gravel being 
greatly discolored, and choked with rust, the immediate 
neighborhood the main conduit and pipe underdrains, but less 
clogged toward the up-stream ends the beds, where the gravel was 
found fair condition. The drains and main conduits were 
thoroughly choked Beds Nos. 23, noappreciable amount 
water would flow away into the main conduit the bottom the ex- 
cavation, and pumping was required throughout the whole work. 


TABLE No. anp Cost 1900. 


Lo wed 


September 


should added this sum $880, for unused material from the 1898 
work, making total 260. 

Results from Renewals 1900.—An estimate has been made 
the writers ascertain the increase the yield the filter due the 
reconstruction Beds Nos. 23, and 25, immediately after the rebuild- 
ing was accomplished, and one month and later. the first 
case, the data loss head, temperature water, rate pumping, 
and actual yield filter, for the days from May 13th 17th, having 
been reduced uniform basis, were compared with those for the 
days from June 11th 17th, the surface the filter being practically 
the same condition during each period. This study indicated increase 
about 41% the yield the filter. comparison the data for 
the first-named period with those period days from July 28th 
August 6th, omitting July and August 2d, gave apparent 
increase yield per cent. This result was probably affected 
the imprisonment air the sand during the early days the last 
period, twelve beds having been scraped July 27th, and the filter 
rapidly refilled. was also doubtless affected the sanding several 
beds during the period intervening since reconstruction. 

Disturbance Efficiency question whether such 
work can done sand filter without detriment the health 
the people receiving water therefrom interesting and important 
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one. The writers believe that, carried with the usual care which 
should accompany all such work, and suitable, but not freezing, 
weather, this may answered affirmatively. true, however, 
that placing sand reconstructed portion, unless the greatest pre- 
cautions are taken, likely leave somewhat more porous than 
the remainder the bed. Referring the bacterial results obtained 
from the Lawrence Filter, after the work performed 1898, 
found that, directly after the operations October and November, 
the increase the number bacteria, including Coli Communis, 
the effluent was slight, and continued for few days only. The 
December work, however, was not carried under favorable 
temperature conditions, and even with the great care exercised, the 
long-continued strain steady work upon the men may have per- 
mitted some frozen sand replaced the beds. Channels were 
thus probably formed allowing the water pass down without proper 
filtration, because the number bacteria the effluent was high for 
about three weeks after the completion the work, and Coli Com- 
munis was found for longer period and greater numbers than 
before. addition this evidence, there occurred, for few 
weeks after the end the period high bacterial numbers, 
marked increase the number cases typhoid fever the 
The reconstruction work carried did not cause 
any marked increase the number bacteria the effluent from the 
filter, and the health the city was not apparently affected thereby. 

Benefits due Renewals.—Attention has already been called 
the gain the capacity the filter due the relaying clogged 
underdrain pipes and gravel, and natural ask: Wiil this gain 
permanent, will the trouble re-occur? Since the improvement, the 
filter has been operated more careful and exact manner, scrapings 
have been uniform and have occurred regular periods, refilling has 
been accomplished less rapidly than heretofore, and the water the 
has not been drawn below Elevation 31. The filter, however, 
has not been covered, owing failure appropriate money for this 
purpose, and, much the regret the Water Board and all who have 
the interest the filter heart, the process scraping and the main- 
tenance general the winter time continue carried under 
adverse conditions. During the extreme cold weather the past winter, 
however, has been possible avoid operating the pumps upon 
Sundays, the general loss head, with the pumps running full speed, 
has not reached the maximum, and high water the reservoir has 
been constantly maintained. 


OPERATIONS. 
undertaking answer the several inquiries Mr. Soper, relating 
the seeming inconsistency between the filter and its the 
writers desire understood that their personal ideas alone are 
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advanced, but hoped that opinions from those touch with the 
early investigations and construction the filter may received. 

the time when the Lawrence filter was designed, daily aeration 
the filtering medium was regarded necessary, filtering Merri- 
mac River water order maintain the effective life the nitrifying 
and the consequent oxidation the polluting matters con- 
tained the applied water. Further experience, however, has shown 
that the oxygen dissolved the water not exhausted, but the con- 
trary present liberal degree. For this reason, shortly after the 
filter was placed operation, was learned from the bacterial results 
and the effect upon the health the people, that the provisions relat- 
ing the periodical uncovering the sand surface and drawing down 
the water within the sand, ‘‘so that the sand could fill with air from 
top bottom,” was not only unnecessary, but inexpedient. other 
words, was discovered that the water the Merrimac River was 
such character, regards organic matter and the amount oxygen 
that could efficiently purified continuous filtration. 

Mr. Fuller’s discussion has already adequately shown that the 
design the filter, under ordinary conditions operations, was such 
preclude rates greater than 000 000 000 000 galls. per acre 
per day. The experience the writers, which they understand has 
been confirmed several other investigators, leads them believe 
that, with not too muddy waters, good results can secured with 
slow sand filters operated rates great even greater than those 
just indicated, during the warmer seasons the year, and possibly 
during all but the coldest weather. The effect this information 
upon the possibility obtaining satisfactory effluents with filter 
surface the parts which are the same time clogged varying 
degrees, thus permitting some variation rate, obvious. 

Where suitable means are provided for carrying the applied water 
over the surface, without disturbance the sand partially formed 
schmutzdecke, back-filling with filtered water does not appear the 
writersto benecessary. the design the Lawrence filter, advantage 
has been ingeniously taken this possibility. 

The essential features sand filters for intermittent continuous 
filtration are the same, the only differences being those detail relat- 
ing for the most part processes draining and filling, and these 
are not such bar continuous operation with water which 
can thus satisfactorily purified. 

interesting feature the design the Lawrence filter the 
provision for the greatest lateral filtration, before reaching the under- 
drain system, all water passing through those portions the sand 
body having least depth. 

Mr. Fuller, page 627,* has called attention most important 

Proceedings, Am. Soc. E., for August, 1901. 
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question, and hoped that students filtration will succeed 
producing some more determinative method indicating the value 
sands filtering mediums than the present makeshift stating the 
percentage grains certain sizes. 


MAINTENANCE. 


far the writers are aware, the general subject the disturb- 
ance work rain and the difficulty scraping caused light falls 
snow, introduced Mr. Bailey (page 617)* and Mr. Collins (pages 
one which reference has not previously been made 
the discussion the operation uncovered filters. This another 
reason favor providing covers for sand filters climates warmer 
than those which have hitherto been regarded sufficiently mild for 
open construction. the writers correctly interpret the general 
sensus opinion, there growing tendency cover filters many 
cases where formerly was considered unnecessary. 

Mr. Hazen’s deduction figures pages 607 and 608,* showing 
the relative economy the Lawrence filter compared with the Albany 
plant, the basis actual cost filtration including fixed well 
operative charges, certainly most interesting, and, those who 
have not studied relative cost from this standpoint, somewhat unex- 
pected. 

The writers cannot but feel especially gratified that many de- 
tailed figures the comparative cost operating certain representa- 
tive American filter plants have been advanced. All these studies. 
point the fact that great saving can and should effected the 
cost conveying. all the larger filtration projects the future, 
this item will doubtless receive much consideration, and reason- 
able expect that decided advantage will gained the use 
mechanical appliances for this work. 


CHEMICAL AND RESULTS. 


Unfortunately, far the authors are aware, measurements 
determine the quantity ground-water entering the main conduit and 
old filter gallery have been made. some water were derived from 
the river infiltration through the embankment and through the 
bottom the filter, there would little reason expect any increase 
chlorine, appreciable increase hardness total solids. 
Moreover, all evidence canal and river work Lawrence goes 
show that, very short time after any disturbance, the bank and 
bed the stream become completely clogged with silt render 
them practically impervious. 

The area the superficial water-shed directly tributary the 
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filter small preclude the possibility any considerable 
portion the daily supply coming from that source. quite 
possible, however, that the actual area territory tributary the 
filter may much greater than the apparent water-shed. Perhaps 
the water from such district which responsible for 
the very considerable difference between certain constituents found 
river water and those found the water the pump-well. 
examination Table No. shows the combined effect filtration 
itself and such inflows ground-water may occur, together with 
the changes imparted the soluble constituents the sand. That 
this last factor not neglected plainly shown Table No. 
58, giving analyses sand, and also the reduction excess 
certain constituents late years. Table No. shows that the hard- 
ness the effluent has been increased beyond that the applied 
water, average about 40%; the total solids average 
possibly much 30%, and chlorine about per cent. The 
excess these constituents has been less inrecent years. Theaverage 
amount iron found the effluent the filter during 1899 stated 
the report the Massachusetts State Board Health 0.54 part 
per million, but the amount present the applied water not given. 

series samples, analyzed under the direction the writers, 
was collected July 15th, 1901, from the following sources: Merri- 
mac River, opposite intake filter; effluent from underdrain Bed 
No. effluent entire filter; ground-water entering filter gallery 
near manhole. The results the analyses these samples are given 
Table No. 57. 

TABLE No. 57. 


Parts PER MILLION. 


Underdrain, Bed No. 0.24 6.3 3.8 0.30 
filter......... 0.36 122 6.8 5.2 0.58 
Ground-water............ 0.06 121 5.7 4.5 0.18 


The samples indicate that the total solids, total hardness and 
chlorine are much greater the filter effluent than the river water. 
The amount iron solution the ground-water collected was 
less than the the filter, and the chlorine was also lower. 
The total hardness this sample was nearly double that the 


the filter, but the total amount solids contained was 
about the same. 
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Messrs. will noted that Table No. 23, showing the free ammonia 
present the Merrimac River given Mr. Hazen, does not accord 
with the figures compiled the writers Table Hazen’s 
figures represent the averages monthly samples analyzed the 
Boston laboratory the Massachusetts State Board Health, while 
the figures used the writers are the averages weekly samples 
collected from the same place and analyzed the laboratory the 
Lawrence Experiment Station. 

regard the general decrease year year the numbers 
bacteria present the water the Merrimac River and the filter 
effluent, which attention has been called Mr. Soper, the writers 
not feel competent assign any definite cause. They feel con- 
fident, however, that the results for river and filtered waters for stated 
directly comparable. Methods laboratory procedure 
bacteriological analysis waters have undergone some change, and 
quite certain that the results given have been the best product 
the times. known, however, that many large streams seem 
have certain cycles which less numbers bacteria are found for 
time; and itis also true that filter grows age the effluent con- 
tains fewer bacteria, and disturbances formerly causing serious effects 
then seem occasion trouble. 

Mr. Whipple’s discussion particularly interesting, and throws 
light the troublesome question whether covered reservoirs, 
which store filtered water, are needed. 


PREVALENCE FEVER LAWRENCE. 


Mr. Hazen’s discussion the actual benefit secured the use 
filtered water, shown the decreased prevalence typhoid 
fever Lawrence, the fact the introduction purer water supply 
the City Lowell appears have been overlooked. The conse- 
quent very marked decrease the number cases typhoid fever 
occurring that place (Lowell doubtless being the chief and the 
most direct source infection Merrimac River water with the 
germs the disease question) must have been reduc- 
ing the sickness from typhoid fever Lawrence, even though the 
water were used without purification. This fact must regarded 
offsetting some measure the increasing pollution the river water 
during recent years. Other discussions state that the writers’ esti- 
mate usefulness the filter too large, and for these and other 
reasoas the writers still believe that their original estimate the 
efficiency the filter, viewed from the standpoint the reduction 
the typhoid fever death rate, rational. not unreasonable, how- 
ever, also assume that the filter has been instrumental, Mr. Hazen 
suggests, reducing the general death rate, particularly far 
this affected deaths from diseases. But above all, 
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agreement with Mr. Soper’s statement, the writers believe that, what- 
ever the actual numerical estimate, the whole work and expenditure 
has been worth more than all cost. 

The writers heartily agree with and endorse the views Mr. Hazen 
and Mr. Tribus that the criterion efficiency filtration should 
the numbers bacteria appearing the effluent filter, regardless 
the numbers present the applied water; other words, regard- 
less the percentage removal. Especial significance attached 
this belief, the minds the writers, recent studies coming under 
their observation point the fact that Coli the repre- 
sentative bacterium indicating sewage contamination, passes through 
ordinary sand filters great not greater proportion than bacteria 
other species with which present the applied water. 

The statements the last few paragraphs Mr. Tribus’ discussion 
are particularly the point, and the writers fully agree that where the 
cost not unnecessarily large, and under other favorable conditions, 
pure supply from uncontaminated mountain sources decidedly 
preferable purified water from sewage-polluted stream. 
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Discussion.* 


Farranp Henry and WISNER. 


Assoc. Am. (by letter).—The results Mr. Murphy. 
obtained the two methods rating the Pitot tubes are very inter- 


esting. The wide range values the 

any tube when rated the tank For Tube No. 
this range from 10.6% above below the mean all the 
ratings used. For the ratings moving water the variation from the 
mean not large, rule, the tank, but still quite 
large, being from 6.2% below 4.7% above the mean, for Tube Hin 
the 2-in. brass pipe, and from 12.4% below 14.6% above the mean, 
for the relative rating the 30-in. pipe. will instructive 
examine these ratings from this standpoint variation individual 
ratings from the mean all reliable ratings for each tube, and com- 


pare these variations with those other Pitot tubes, and with current 
meters. 


*This discussion (of the paper Gardner Williams. Am. Soc. Clarence 
Hubbell, Assoc. Am. Soc. E., and George Fenkell, Jun. Am. 
printed Proceedings for May, 1901) printed Proceedings order the views 
expressed may brought before all members the Society for further discussion. 
Communications this subject received prior October 26th, 1901, will printed 


later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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This comparison not intended any degree criticism the 
very valuable and exhaustive investigation described the paper, 
the investigations others. There reason for thinking that 
all the results presented were not made with care, and represent cor- 
rectly what took place during the observations. known, also, 
that the results obtained experimenters are not strictly comparable, 
the conditions (range and constancy velocity, and duration 
experiment) are not the same. Too much importance, however, 
cannot attached the correct rating velocity measuring instru- 
ments. observation are measure compensating, while 
errors rating table are cumulative, and should eliminated 
reduced toa minimum. believed that study these variations 
will throw light the best method rating these instruments. 


AND FENKELL. 


GREATEST VALUE, LEAST VALUB 
Tube Gauge ratings Number Number greatest 
mean. mean. 
| 


indicates ter than mean. 
indicates less than mean. 

The last column Table No. gives the greatest and least varia- 
tion from the mean all the values used for each tube for the 
ratings still water. The extreme variation from the mean least 
for Tube No. and from 6.7% 10.2%, range about 
per cent. The largest value 0.975, obtained from single 
revolution the whirler, about seconds’ duration, the smallest 
value, 0.821, from single revolution seconds’ duration. The 
highest velocities observed were ft. The duration obser- 
vation for them was seconds, which only 97% the smallest 
watch reading. The extreme range greatest for Tube No. Gauge 
No. and 27.7% the mean. This appears partly due 
the locus being curved instead straight line. the water 
the tank remained still, and the motion the whirler was uniform for 
each rating, difficult see why there should such large 
variations from the means. 
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AND FENKELL. 


PoINT AND PRESSURE. AND 


Columns and Table No. give the extreme variations from 
the mean velocity ratio percentages, for the ratings the Cornell 
University 2-in. brass pipe. these ratings the tube was held the 
center the pipe, point about ft. from the inlet, and the 
mean velocity the pipe was obtained weighing the discharge. 
The duration experiment was ordinarily from about 
minutes. The extreme range least for Tube No. and per 
cent. largest value the velocity ratio, 0.740, found from 
observation minutes’ duration; the smallest value, 0.718, from 
observation minutes’ duration. The extreme range for the 
ratings this pipe greatest for Tube and for periods 
and minutes’ duration. 


(2) (3) (5) (6) 
| 
Mean Percentage 
Size pipes. compared. head ratios. variation 
mean. ratios. from mean. 


Column Table No. gives the extreme variation from the 
mean the ratios H,, expressed percentages the mean the 
relative ratings the 16-in. and 30-in. pipes. these ratings the 
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tubes compared were held the center the pipe, and simultaneous 


readings were obtained. The extreme range least for Tubes Nos. 
and the 16-in. pipe, and 6.4% the mean. greatest for 


Tubes Nos. and 4in the 30-in. pipe, and 27% the mean. 


seen that the variation from the mean least for the ratings the 
2-in. pipe, and greatest for those the tank. 


Number Mean 


Method. value 
ratings. 
(2) (3) 
1.006 
0.993 


GREATEST VALUE| LEAST VALUE 


Number 
ratings. 
(4) (5) 
1.039 
1.029 
1.058 


OF m, 


Number 


ratings. 


Percentage 
test 
variation from 
mean. 
(7) (8) 
0.965 


Moving water: Velocity obtained from surface floats. 
Moving water: Mean velocity known; tube held many points cross-section 
small canal. 
Still water: Tube held front boat. 


” 


TUBE 


” 


Fie. 91. 


(6) 
a1, 
TUBE A 
Z Be 
TUBE 
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Table No. gives some results for three methods rating Mr. Murphy. 


Pitot tube, Darcy and Bazin.* 

the ratings Method the tube was held with its point 0.02 
below the surface open channel, and the velocity obtained from 
surface floats. Method the tube was held with its point 
numerous points cross-section rectangular canal wide, 
the mean velocity which was known. Method the tube was 
fastened front boat, which was drawn straight course 
with uniform velocity. Column gives the greatest variation 
from the mean all the values for these three methods rating. 
The range least for the rating still water, being 3.8% the mean 
ratings. greatest for the second method, and 6.4% the 
mean. The value obtained from still-water ratings was rejected, 
contained constant error due the point the tube not being 


parallel the water surface. The average the means obtained 
Methods and was used them. 


(3) (4) (5) 
Number Percentage 
ratings. from mean. 
Mean 
Mean 0.892 


Table No. gives some results ratings three Pitot tubes, 
made the Hydraulic Laboratory Cornell University, the 
writer and Mr. Torrance. These tubes (having three points) are 
shown Fig. 91, and are the point and ring type, made for pipe 
lin. diameter. The point screws into the tube, and the tube has 
thread it, that the point can set any place the 
diameter. these ratings, was held the center the pipe and 
about ins. from the inlet. The head due velocity, H,, was 
measured with differential gauge. value the 


The tube which they used illustrated, and their methods rating described, 
Recherches Hydrauliques,” Paris, 1865 
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seen increase somewhat the velocity increases. The greatest 
variation from the mean 1.5 per cent. increases with the 
velocity, the variation from the true mean for given velocity much 
less than this amount. 

appears that the variation individual values from the 


mean decreases the velocity increases, and the diameter the 
pipe decreases. 


Mr. Murphy. mean two ratings seconds’ duration each. The value 


RENT No. 351 METER RATED CHEVY 

BEING VELOCITY, FEET PER SECOND, REVOLUTIONS PER 

SECOND, RESIDUAL ERROR, AND AND CONSTANTS. 

observation equations and meaning summation. 


(2) (3) (4) (5) (8) 


per Residual 
second. error. 


0.649 0.069 0.171 0.000086 —0.9% 


15.572 37.088 86.531 (1) 
Solving equations (1) and (2) have 
2.318 and 
0.047 


n(n- 


Table No. gives the results ratings current 
meter No. 351, made Chevy Chase,* Md., Mr. Paul 


The rating station Chevy Chase illustrated and described the 19th Annual 
Report the Director the Geological Survey, Part 


December 30th, 1900. These ratings are selected from many because mr. Murphy. 


the computations are shape for ready use. The meter fastened 
car, which moved with uniform speed over straight course 
100 ft. The car then moved back over the same course with the 
same speed. These two passages over the course, one each direc- 
tion, constitute rating. Fifteen such ratings were obtained 
this date for velocities from ft. 10.8 ft. per second. The 
equation the linear relation connecting velocity 
and revolutions computed and given this table. 

Column gives the residual errors, variations from this most 
probable line, and corresponds the variation from the mean the 


other tables. Column gives the percentage variation the 


velocity. seen that the greatest variation less than per 
cent. 


TABLE No. METER AND STANDARD WEIR DISCHARGE 


(2) (3) (5) (6) (7) (8) (9) 
ov ov iso 
° ° = | ° 
a a te 35% 
1901. 


Table No. gives the results ratings this current meter, and 
Price” meter No. 363 moving water, the Cornell 
University experimental canal. The mean velocity the canal was 
found from readings the head the standard weir. The velocity 
was obtained simultaneously with the two meters the ordinary 
point method. From observations, each seconds’ duration, 
were obtained verticals (48 all) each discharge 
measurement. 


° 


Mr. Murphy. 


Mr. Mills. 


The weir discharges Column are computed from Bazin’s 
standard weir formula, which not strictly applicable this weir. 
They are believed error not more than per cent. 
seen that the greatest variation any meter discharge from the 
corresponding weir discharge 2.8 per cent. The extreme range for 
these ratings only 1.75% for ‘‘Small Price” meter No. 351, and 
3.00% for meter No. 363. 

Column shows the differences between the simultaneous meter 


discharges. The greatest difference seen less than 1.7 per 
cent. 


Esq. (by letter).—The writer, his great regret, 
owing trouble with his eyes, has been unable read this paper 
length, but, upon examining the summary results, thinks may 
interest members the Society know that his studies 
(made the year 1875) the flow water smooth, straight, 
cast-iron pipe, ft. diameter, and coated with coal-tar pitch, 
found the ratio between the mean and the maximum velocity the 
water differ little from 0.84, and vary somewhat with the 
velocity, shown Table No. 49. 


TABLE No. 49. 


Mean velocity water, feet Maximum velocity 


per second. water, feet per second. Ratio. 

11.857 | 0.8536 


The observations upon velocities the section 1-ft. pipe were 
made 327 ft. down stream from the entrance, which was square- 
edged. 

The losses head were read piezometer, the lock above the 
entrance, and the pipe 25, 125, 225 and 325 ft., and the receiv- 
ing basin 356 ft., below the entrance. 

With larger pipes, with varying smoothness surface, the ratio 
was found vary from 0.84 the following manner: thirteen 
series experiments with mean velocity averaging 2.22 ft. per 
second, wrought-iron penstock 4.94 ft. diameter, having plates 
and out, with rivéts projecting and much the surface covered 
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with tubercles, the mean ratio was 0.809. another penstock 6.5 ft. Mr. Mills. 
diameter, with rivets and plates arranged before, but with the 
surface coated with coal-tar pitch and quite smooth, series 
twelve experiments, with mean velocity averaging 3.615 ft. per 
second, the ratio averaged 0.846. Another ft. diam- 
eter, with surface somewhat rougher than the last, series 
fourteen experiments, with average mean velocity 2.029 ft. per 
second, gave average ratio 0.861. 
still larger penstock, having diameter 8.75 ft., with aver- 
age mean velocity 2.731 ft. per second, series nine experi- 
ments, gave ratio 0.857; and another series six experiments 
with velocity 2.357 ft. per second, gave ratio 0.857. 
The writer has reason question the invention the authors, 
1897, ‘‘a form Pitot tube which may inserted water 
main without the aid special devices,” etc., which gaugings 
great accuracy may obtained, but appears one the cases 
reinvention, because the measurements the quantity water 
drawn many the water wheels the mills Lawrence have been 
made the feeding penstocks instruments, which could thus 
characterized, devised the writer 1877, and used his assistants, 
under the direction John Freeman, Am. Soc. E., during 
the years 1878 1885, and, since the last date, under the direction 
Richard Hale, Am. Soc. E., the present time. These instru- 
ments differ some important particulars from those described the 
paper, and indicate the velocity sixteen eighteen points the 
section the same moment. 
Corroborative, general way, the authors’ results, but tending 
modify essential point their curve excess loss head 
due bends, the writer gives the results long series experi- 
ments, made 1882, with experimental line cast-iron pipe ft. 
diameter and 356 ft. long, when straight and when supplied near 
its upper end with 90° bend having radius ft. 
The bend, with different velocities flow, caused increased loss 
head, expressed additional length straight pipe, given 
Table No. 50. 


TABLE No. 50. 


Mean ve- Additional length straight 


curve, cause the excess 
1,089 18.4 4.26 times the length curve. 
2.088 83.142 12.5 8.98 “ 
8.811 8.142 11.0 3.50 
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The percentage loss head the curved section over the loss 
head diameters tangent would 15.5, instead 10.8 
found the authors, and this would modify the curve their 
diagram results raising little its lowest point. 

The general result both these investigations indicates that each 
90° curve line pipe adds loss head the line equivalent 
the loss additional length straight pipe from two five 
times the length the curve, nearly all cases being included within 
four times the length the curve. 

The authors’ investigation gives the important additional knowl- 
edge that the least loss head changing direction pipe line 


obtains when using curve having radius two three times the 
diameter the pipe. 


Irvine Esq. (by letter).—While the authors this 
extensive and valuable paper, their interpretation the piezometer 
readings for determining the loss head between two points 
pipe, have evidently taken into account various causes error, and 
have made allowance for some them far practicable, there 
one source error this connection which they seem have over- 
looked (at least there reference the paper) and this 
the effect neglecting the possible inequality sectional areas 
the two points attachment the piezometer tubes. 

evidently taken for granted throughout the paper that the 
vertical distance between the summits the two piezometer columns 
the ends the portion pipe considered (let call this vertical 
distance the equal the loss head, 
friction head, H,, between the points pipe where the piezometer 
tubes are attached. Now, such relation true only case the 
end sections this portion pipe have exactly equal areas (so that 
the corresponding mean velocities are equal) may interest 
note the extent the error involved this supposition, under 
certain circumstances slightly unequal end areas; and 
found that for short lengths pipe between piezometers the error 
greater than might first supposed. (In the paper there are 
some comparatively short lengths used connection with curves: 
from 200 ft. for the 30-in. pipe, 100 ft. for the 12-in., and 220 ft. 
for the 

The writer has, therefore, been interested computing the amount 
this error certain cases suggested some the data the 
Detroit experiments. the description these experiments, how- 


ever, specific information given the magnitude the 


sectional areas the points attachment piezometer 
that the diameter each the special piezometer castings used 
the South Street tangent and the further extremity 
adjacent curve was exactly ins.). are therefore left gather 
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the possibilities inequality sectional area these points from Mr. Church. 


statements made maximum and minimum diameter. 

the 30-in. pipe the maximum and minimum diameters for the 
different portions considered rarely differ more than though 
two cases the difference slightly greater than in. the 
portions 16-in. pipe this difference extreme diameters varies 
from in.; while the description the 12-in. pipe, where 
some the lengths tested are short 100 ft., information 
given variations diameter along any one section, although 
the statement made (in Fig. 79) that the diameter the piezometer- 
castings referred above (South Street tangent) was exactly ins. 

The quantity termed head” (in steady flow water 
rigid, stationary pipe) owes its origin and meaning, course, the 


well-known Theorem Bernoulli, viz., the loss head occurring 
between any two points 


the line flow equal 
the amount which the 
head” the up- 
stream point exceeds that 
the down-stream point, 
understanding 
the sum (at any point 
the flow) the velocity 
head, pressure head, and 
potential head (or height 
point above any convenient 
horizontal datum 
Referring Fig. 92, being 
the up-stream point, and 
the down-stream point, let 
denote the mean velocity, the internal pressure, the height 
above datum, the sectional area, and the diameter for point 
similar notation with subscript applying point Also denote 
the height the water barometer, and the weight unit 
volume water; and let indicate the piezometer (see Fig. 92), 
H,, the loss head between and and the acceleration gravity. 
have, then, Bernoulli’s theorem, 


2 2 
and noting the relations between the various heights marked 


Fig. 92, where ordinary piezometers are shown attached the points 
and finally obtain 
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head,” may read Equation (2) follows: 

The loss head between any two points the line flow equal 
the piezometer fall diminished the increment velocity head. 
(In Fig. 92, been supposed smaller than A,; but the contrary 
the case the increment velocity head becomes negative, and the 
loss head will greater than the piezometer fall instead less.) 
note that the bracket the increment velocity head inde- 
pendent the length pipe. Hence, the length were small and 
the cause loss head were ordinary friction,” the loss 
head might differ considerably from the piezometer fall,” even when 
the areas and were nearly equal. (As useful illustration 
this connection, may well recall the fact that the converging 
portion Venturi meter the loss head occurring between the 
entrance and the only small fraction the piezometer 
fall.) 

take rather extreme case, let first compute the amount 
error that would occasioned considering the friction head 
equal the piezometer fall 100-ft. length pipe nominally 
ins. diameter, case the diameter Section 12.5 ins., 
per 


0.0704 ft. will sufficient for the present purpose consider 
the friction head the whole pipe equal that pipe 
equal length and ins. diameter throughout, which the 
same rate flow taking place; that is, which the mean 


velocity ft. per second; and the friction head 


for this ideal pipe may taken interpolation the first line 
Table No. 36, 0.320 ft. first line refers the long South 
Street tangent which the sections piezometer points were exactly 
ins. diameter, that the ‘‘observed may taken the 
friction head.) Now, 0.0704 ft. 22% Hence, error 
22% would made this case the whole piezometer fall (which 
0.0704 0.32 0.3904 ft.) were looked upon the loss head; 
the piezometer fall occurring between points and reality 
excess the real friction head. 

Calling this 100-ft. length pipe Division let suppose the 
next consecutive 100-ft. length (Division the up-stream piezometer 
which the down-stream piezometer for Division have its 
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down-stream end diameter and have the same mean Mr. Church. 


diameter ins.) Division and the same degree 
interior surface. Then, during the same rate flow before, the 
friction head would equal that (viz., 0.320 ft.), and 
the increment velocity head for would equal that for 

0.0704 ft.), but contrary sign, that the piezometer fall for 
would (0.320 0.0704) 0.2495 ft.; against 0.3904 ft. for 
The latter exceeds the former 0.1408 ft., which 56.4% the 
former. If, therefore, this case the principle were adopted that 
the piezometer fall can considered sensibly equal the friction 
head, the conclusion would reached that the friction head 
Division 56% greater than that when, matter fact, 
the two friction heads are equal. 

the foregoing example the data diameters piezometer 
points are rather extreme, these diameters differ from the mean 
each way, which considerable for pipe. If, how- 
ever, these diameters differ only in. from the mean (one above, the 
other below), the results similar computations for two consecutive 
100-ft. lengths 12-in. pipe, and with same rate flow, etc., 
before, are found show errors 12% and 25%, respectively, instead 
the 22% and 56% the first and again, with in. in- 
stead in., the errors are and 12%, respectively. 

noted that the increment velocity head exactly, 
and the friction head approximately, proportional the square the 
mean velocity, the percentage error instanced each the foregoing 
cases would not materially changed other velocities were chosen. 

regards the 30-in. pipe, let first compute fair estimate for 
the loss head due ‘‘skin friction straight length 200 ft., 
when the mean velocity 3.868 ft. per second. (This will 
serve, nearly enough, for both the following examples.) this the 
Chezy formula will serve, with 123.4 (from page 494*); and 
0.3142 ft. obtained; while for length ft. have one-eighth 
30-in. pipe, with 30.125 ins. and 29.875 ins., that these 
diameters differ only in. (the section 30-in. pipe called XVIII, 
Table No. 21, only ft. long, and its extreme diameters differ 
0.242 in.), with flow the rate ft. second, find 
the increment velocity head 


0.0085 


while the value taken (see above) 0.0392 ft. 0.0085 ft. 
0.0392 follows that the piezometer fall, 0.0477 
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ft. 0.0392 0.0085), instead being equal the friction head, 
exceeds some 21%, which the amount the error that would 
made the slight inequality end areas were neglected. the 
end diameters differed only the error would still about 
per cent. 

The last would seem show very striking manner 
that the precision attained the oil-and-water differential gauge 
the determination the piezometer fall should accompanied 
equal precision the measurement and consideration end areas, 
accurate values friction head with short lengths pipe are 
obtained. 

regards the lengths 30-in. pipe (several which were 
used, described page 407*), nearly all these the maximum and 
minimum diameters differ about in. (including the Brady tangent), 
while two them (III and XIII) the extreme diameters differ 
more thanlin. computations similar the foregoing can 
shown that with ordinary ‘‘skin friction” along 200-ft. length 
(Division 30-in. pipe, which the end diameters happen 
differ in., error about 10% would involved considering 
the piezometer fall equal the loss head; and error 
some 20% comparing the losses head Divisions and 
the end diameters also differ lin., but are oppositely situated 
with respect the direction flow. difference end 
diameters these percentages would reduced about one-half. 

Similar illustrations could also given the case the 220-ft. 
lengths 16-in. pipe. 

Since the foregoing was written, the writer has had the opportunity 
conferring with one the authors, who has supplied additional 
data, together with computations based upon them and arranged 
tabular form, bearing the matter end areas (that is, areas the 

points insertion piezometers). 

From these supplementary statements and computations, the 
writer permitted quote follows 

diameters the pipe the exact points insertion the 
piezometer connections were not measured, except the case the 
four special castings used the 12-in. line, but eight diameters 
were measured every pipe and special, and the field notes enable 
the pipes containing the connections identified, possible 
obtain what may considered fair criterion the variation 
diameters end sections taking the mean the eight measured 


diameters the pipe containing the piezometer connection the 
diameter the connection. 

this assumption Tables Nos. 51, and have been com- 
puted. Table No. for the 30-in. line based upon velocity 
ft. per second pipe exactly ins. diameter. Column 
gives the mean diameters the tapped pipes computed above 
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indicated. Column gives the velocity through pipe this diam- Church. 


eter corresponding velocity ft. per second 30-in. pipe. 
Column gives the corresponding velocity head H,. Column gives 
the increase decrease velocity head between the two ends the 
experimental section, which the correction subtracted from 
added the piezometric fall for the corresponding velocity. 
Column gives the fall that would observed the 
experimental sections computed from the equation 0.133 for 
the North Rivard tangent Column Table No. which section 
was selected because there correction for H,, the diameters 
being the same the two ends; and from the ratios the several 
observed piezometric falls that this section determined from 
Column the same table, the value the above equation 
being reduced that the true length the section multiplying 


Column then gives the percentage correction 


applied the authors’ account for the change 

No. for the 16-in. line based upon velocity per 
second the outlet the Army tangent. the use the second 
and third columns Table No. and the lengths the several 
sections given Table No. 29, similar series computations 
those for the 30-in. line give the values Column the 
exponent being this case 1.857, from Fig. 74.” 

Table No. 52, for the 12-in. line, based upon velocity ft. 


second the long South Street tangent, which exactly ins. 


diameter both extremities, and the values were determined 
from the equation the South Street tangent 0.0323 (Table 
No. 36, Columns and 6), and the ratios thereto given Column 
the same table.” 

way comment the preceding, the writer the opinion 
that the propriety assuming the mean diameter piezometer 
point equal the mean eight measurements made the 
same 12-ft. pipe length, all which measurements were either the 
two extremities ft. from them, fairly open question. the 
sides pipe length were accurately straight, and the piezometer 
point occurred the middle the pipe length, such assumption 
would doubtless justified, but the writer understands that pie- 
zometer point might occur anywhere along the length its 12-ft. 
pipe length and not necessarily the middle. the straightness 
the sides ordinary cast-iron pipe (or the lack it), other con- 
tributors this discussion can probably bear testimony better than 
the writer. 

would seem, however, that the above assumption would not 
attended with serious error unless experimental sections were very 
short, like sections II, VI, and XVIII the 30-in. pipe (respect- 
ively, 56.42, 47.88, 29.17 and 23.51 ft. long). 

Tables Nos. 51, and 53, computed the foregoing assumption, 
are seen show percentage corrections less than for all the 
experimental sections except Nos. II, VI, and XVIII the 
pipe, for which the corrections called for (without regard sign) are, 


43 
q 
; 
4 * 
| 
> 
q 
} 


TABLE No. 


[Papers. 


~ 

~ 
~ 


4ft. 30-in. 
Equation 
for 

nge 


per 


Name experimental section. 


tion correspond- 


pipe, 


Experimental sec- 
tion line 
Diameter end 
section, 
sec 
second. 
crement 
from inlet outlet 
section, feet. 
Table No. 28, feet. 
rection 
effect 


Piezometric fall, 
Percentage cor- 


Velocity end 
Increment de- 


Orleans and Scott compound curve, 
Hale compound curve, 

Hale tangent. 

Hale and Riopelle radius curve. 

Riopelle tangent. 

Riopelle and Rowena 40-ft. radius curve. 

Rowena tangent. 
Russell 25-ft. radius curve. 


Alexandrine tangent. 

Hastings St. specials. 

Alexandrine tangent. 

Alexandrine and Alley 6-ft. radius curve, 
Alley tangent. 

Alley tangent. 
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TABLE No. 52.—16-In. 


(2) (3) (4) (5) (6) (7) (8) 


Velocity end 


Porter 
radius curve. 
Compound curve. 
Army tangent. 


TABLE No. 53.—12-In. 


(2) (3) (5) (7) (8) 
Velocity end Increment Percentage 
in. pipe, inlet outlet change 
feet per second. section, feet. 


Name experimental section. 


Artillery 4-ft. radius curve. 
Exposition and South 13-in. radius curve. 


Exposition and River 3-ft. radius curve. 
River and Solvay 3-ft. radius curve. 


Solvay 2-ft. radius curve. 
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respectively, 1.28, 1.41, 3.01 and 6.34 per cent. might have 


expected, the largest correction occurs the shortest section, XVIII, 
where, according Table No. 51, the end diameters 
trifle over in., implying sufficient inequality the end areas 
cause difference some 10% between loss head and piezometer 
fall the loss head had been ordinary (see pre- 
vious illustration the writer); but the actual loss head XVIII 
was considerably greater than this, account the presence 
and hence this difference between loss head and piezo- 
meter fall (being fixed quantity for given rate flow) only 6.3% 
the latter instead 10. 

the authors’ conclusions relating the losses head due 
curvature pipes, the first perusal the statement paragraph 
page 500,* the writer understood the view advanced that 
the flatter the curve, the greater would the resistance; which cer- 
tainly seemed very paradoxical, would imply that maximum 
resistance would found the flattest all curves, viz., astraight 
pipe. Closer inspection the context showed, however, that the 
resistances compared were those occurring (for the same rate flow) 
number pipes the same length (in diameters) each 
which only fraction the length was curved, that (90°) curve 
large radius occupied much larger percentage the total length 
than one small radius; and that attempt had been made 
distinguish between the effect angular deviation flow (or curva- 
ture proper) and that the length the curved part pipe. was 
also noticeable that eleven out the sixteen cases presented the 
curved portion constituted only small percentage 11%) the 
total length pipe, the remainder the pipe being straight. 

Now, the resistance due curved pipe (if more than 


diameters long) can hardly considered having abrupt, local 


character, like that due elbow valve gate. Hence the length 
the curve, with straight pipe, would seem prime 
importance, aside from the element angular deviation the flow. 
The writer, therefore, would offer the following mode interpreting 
the numerical data the table Fig. 90. 

obtain fairly probable value the loss head occurring 
the curve proper, necessary preliminary make estimate 
the friction head the adjoining straight portions, which, with the 
curved part, make the length between piezometer points. Such 
estimate necessarily based the results experiments with 
other (straight) sections the same kind and size pipe; and 
such large fraction (70 90%) the whole loss head Cases 
Nos. Fig. 90, that small error this estimate would give 
rise large (relative) error the quantity obtained deducting 
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the estimate from the whole (measured) loss head (aside from Mr. Church. 


possible error due neglect inequality end areas). account 
this uncertainty seems hardly worth while consider Nos. 
far intercomparison pure curve effects concerned. 

writer, therefore, has selected the cases Nos. and 
(each which 200-ft. length 30-in. pipe and contains single 
90° curve; radii 60, 40, and ft., respectively) most favor- 
able for the purpose, and likely give the most trustworthy 
results. The quantities computed him are placed Table No. 
54, all the values given which are explained below. 


TABLE No. 54. 
(a) (b) (e) (f) 
ft. 


Five 200-ft. lengths 30-in. pipe are represented, which the 
last straight throughout its whole length, and No. 
rected for specials (see Fig. 90). 

Column gives the radius (in feet) the 90° curve occurring 
the section. 

Column (a) gives the length curved portion (in feet). 

Column (b) gives the aggregate length straight portions each 
section (in feet), [by deducting (a) from 200 ft.]. 

Column (c) gives the (relative) loss head the whole length. 

Column (d) gives the (relative) loss head straight parts [com- 
puted taking the same fraction 100 that the length (b) 
200 

Column (e) obtained deducting (d) from (c), and hence gives 
the (relative) loss head due the curved portion alone. 

Column (f) results from dividing (e) the length (a) the curved 
portion, and hence the numbers this column are proportional the 
loss head per length along the curve itself. 

noted that these numbers Column (f) increase (though 
not rapidly) with increasing sharpness curvature; which what 
should naturally expect, since they all refer the same absolute 
length ft.) curved pipe (the whole curve each case being more 
than five diameters long). 

The reason, therefore, why the total resistance the 200-ft. 
lengths should increase (from 133 190.2) read upward 
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Column (c), meeting with curves less and less sharpness (but 
greater and greater length), would seem best expressed saying 
that the effect the increasing length the curved portion overbal- 
ances the contrary, but much less rapid, influence the decreasing 

Users differential gauges will doubtless interested the ac- 
curate setting forth the theory these instruments, given 
pages 389 and 


Esq. (by pages 374 and 375* 
the paper, the authors present the theory that the curve velocity 
pipe ellipse, rather than, generally taught the schools, 
curve from the family parabolas. The writer, having made 
number investigations along this line, believes that the authors are 
correct their assumption, and the following, which strongly 
substantiates the same, incidentally presents entirely new theory 
and formula for the flow water pipes, from purely theoretic 
standpoint. preliminary step, let assumed that uniform 
motion exists the pipe, meaning this that the motion along each 
fillet uniform, and that the total resistance the motion com- 
posed two entirely different and 
non-comparable classes resist- 
ance, one being so-called 
friction along the pipe walls, the 
other, the 
the water itself, the so-called 
viscosity. 

The development the moving 
mass water may divided into 
two portions, cylinder and 
shaped head. The effect 
the friction the pipe walls 
will felt only upon the cylinder, 
and the effect the viscous resistances will entirely shown the 
shape and size the dome the authors have named it. 

With these ideas mind, the following general relations may 
pointed out. 

Referring for the present only the and denoting the 
radius the pipe the central velocity the head and 
the mean velocity the same U,, Boussinesq arrives the con- 
clusion that the curve velocity cubic parabola. Now, the 
which parallel the axis the pipe. The volume the 
generated paraboloid will consequently its mean ordinate 
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and consequently the distance the radius the mr. Tutton. 
circle mean velocity will 
Bazin, his deductions from experiment, admits that this value 
little too small. 
Now, the supposition the authors correct, that the ratio 
mean central velocity 0.84, that is, that 
which refers the total velocity, then, being 1.0, must 
may observed that supposition the effect 


0.84, 


radius any fillet, and the velocity, along the pipe wall, 

with which velocity viscosity has relation, the writer’s supposi- 

tion, which will hereafter presented, correct. 
The authors, without proof, assume that the curve velocity 

BKCD isanellipse. The ellipsoidal volume consequently, 


The following relations then exist, the supposition that 
0.84. 


will seen that this does not vary from the previous result 
enough justify the assertion from the results their experiments 
alone. 

The writer proposes the following theory justify the assertion 
that the true curve velocity ellipse. Instead Boussinesq’s 
assumption that the frictional resistance between filaments per unit 


upon the capillary theory and Poisenille’s formula for viscosity 


that what has been called 
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Mr. Tutton. the distortion the liquid varies, not only direct ratio 


the distance the filament from the center the tube, but also 
with the velocity that filament. 

Let the shaded portion Fig. represent the cylinder water 
upon which the pressures act. The light portion will 
then represent the velocity solid,” better, the development the 
motion per second and the actual cylinder. The cylindrical 
portion represent the development the total motion 
along the wall the pipe, and the dome will represent the 
development the excess motion the co-axial cylinders 
forming the interior the original cylinder, and which are subjected 
the viscous resistances. that which follows, these fictitious por- 
tions will referred to, but must understood that, physically, 
the shaded portion that considered. The method used catch 
the eye. 

and the pressures the two ends the cylinder per 
unit area, the resultant pressure will (p, 

considered the same nature the friction coefficient the 


sides the pipe, far that may represented force, and 


factor, introduced include any possible effect due the 
absolute size the pipe, then the frictional resistance the surface 
the cylinder, the radius which will 

uniform motion the sum these must or, since 


Reducing this expression, and substituting the piezometric 


gradient, or, usually understood, the slope 


Integrating this expression between the limits and corre- 
sponding which are the radii and there results 


But when assuming there slip along the sides the pipe 
effect the viscous resistances, becomes equal 
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Substitute this (1) and 
whence, dividing through and transposing 
2 
V2 +R = (3) 


showing that the curve velocity true ellipse the semi-axes 
which are and 
From (1) 


gs 
(2) 


and there obtained for the mean velocity the 


and which the form 


being equal constant for all sizes pipe, long the 


temperature constant, and entirely independent the friction along 
the sides the pipe. 

Now, for the cylindrical portion which the velocity 
and not only uniform, but equal each fillet, the ordinary assump- 
tion made that the resistances are proportional the square the 
velocity, the equation for equilibrium will 


which the form 


Adding (5) and (7) then obtains the general mean velocity the 
pipe 


which the actual radius the pipe, factor depending 
solely upon absolute coefficient friction the sides the pipe, 
and factor depending solely upon viscosity and temperature. 
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parameter, this ellipse being which (2) equa 
nm 


simply increase the parameter the ellipse direct ratio, 

That the viscous resistances are very important factor shown 
the fact that the authors’ ratio cylinder dome correct, 
0.52 and 0.48, viscosity would account for 38% the entire resistance. 

comparing this formula with the Chezy necessary 
change that represents the hydraulic radius. For this, make 


4—n 


and becomes 


The final form will depend upon the values given and Here 


Dupuit obtained his form from theory somewhat similar that 


Bazin. Manning’s was purely empirical, being deduced from 
plotted curve. 


adopting the form, RS, the mistake must not 
are constants, the properties which are entirely 
may written the following shape, which perfectly homo- 
geneous and applicable any system units: 


Now, 0.84 the constant ratio mean velocity, 


the must account for 0.52 and for 0.32 then 
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0.83, then should 0.85, then but should Mr. Tutton. 


change ratio mean maximum velocity makes very great 
change the ratio which would indicate that 0.8333 was 
more preferable mean ratio than 0.84 assumed the authors, but one 
that likely change, and not constant. 

The main object the writer being present theory the 
ellipse the true velocity curve, further determination the con- 
stants applicable this formula will not attempted. 
say that correct determination has yet made, not 
thought that the Poisenille formula has correct basis, that the 
viscosity deduced therefrom applicable, except within 
exceedingly narrow limits. Its form would have changed for 
use the preceding were thought applicable. 

practical formula, experience may show the assumption 
preferable, 

which, given the value becomes almost identical with Pro- 
fessor Robert Manning’s formula*, adapted English measures, 
the accuracy which has been too well verified require farther 
notice here. This practically identical with formula, 
previously presented the writer (the agreement being also noted 
Professor Manning), which has value. 

The authors make rather startling assertion Conclusion that 
curves short radius, down limit diameters, offer less re- 
sistance than those longer radius, and that all theories hitherto 
presented are incorrect and diametrically opposite the true condi- 
tions. The writer thinks that the effect viscosity should more 
thoroughly investigated before accepting this statement. un- 
derstands it, both dome and wall losses head have been included 
the exponent applied total mean velocity. has often been 
suggested that the assumption upon which Equation (6) based 
error, and has again been suggested that the pressure head meas- 
ured circumferential piezometer, rather the loss head, 
only applicable the present note, and not the due 
viscosity. These suggestions require further investigation which may 

Conclusion undeniable, but how far true will depend upon 
what above stated reference 
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Am. Soc. (by letter).—The authors deserve 
credit for developing the Pitot tube and differential gauge for measur- 
ing velocity and pressure, but the fact that the tube registers nega- 
tively when the point oblique the current appears limit its 
application. would instructive its action present traverses 
the pipes the curves. 

From the data given the increase resistance curves long 
radius over those short radius, evident that this due, not 
the longer radius, but the greater length curve; but the increase 
resistance less than that length. 

Undoubtedly, with given velocity, the intensity disturbance, 
and, consequently, resistance sharp turn greater than 
gentle turn; but with equal angular deflections acts through 
shorter distance. this greater intensity the shorter turn 
plied its lesser distance is, apparently, smaller than the lesser 
intensity the long turn multiplied its greater distance, the larger 
resistance the latter clearly due the continued agitation the 
water the long curve. 

the other hand, this true, the increase intensity 
going from gentle not proportional, within wide 
limit, the decrease length radius, and the experiments hand 
appear indicate that here relation that existing formulas fail 
express correctly. 

Water being instantly and perfectly responsive disturbance 
its equilibrium, readily conceivable that theagitation and counter 
currents set the deflections curve ft. radius will 
more than half great those due one ft. radius. the 
former twice long the latter, obvious that its resistance 
would greater. This assumes, course, that the disturbance 
the water continues throughout the length and begins end the 
termination the curve. This would probably shown sub- 
stantially true tests with the Pitot tube. 

fairly demonstrated, theoretically and practically, that the 
resistances railway curves not decrease rapidly the radii 
increase. this true the comparatively inelastic movement 
railway train, there ample warrant believe will hold for 
perfectly elastic fluid. 

The experiments should take widerrange. Smaller diameters and 
higher velocities would, doubt, give results differing degree 
least. 

After all, the results are not wholly diametrically opposed all 
authorities. Above radius diameters, Weisbach’s formula gives 
advantage for longer radii, making the resistance practically con- 
stant. 
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Assoc. Am. Soc. (by letter).—The Mr. Sherman. 


prior use differential gauge, purpose increasing 
the difference height between the two water columns, was unknown 
the authors this paper, stated them foot-note page 
384,* and they will doubtless surprised learn that this process 
was patented March 24th, 1885, the late Henry Flad, Am. 
E., St. Louis, the patent being numbered The 
specifications forming part the application include number 
drawings, and detailed description the principle upon which 
based, well some its applications. The first the nine 
claims which the patent was granted part follows: 


The herein-described method indicating the velocity 
running the same consisting causing two columns the fluid 
respectively acted upon simultaneously the impact and 
suction draft the stream, and connecting the upper ends said 
columns directly inclosed fluid medium having less specific 


gravity than that the fluid, the velocity which ascer- 
tained. 


spite their conclusion that some conditions, 
straight pipe, there difference pressure different 
around the circumference the same cross-section,” the authors 
seem have generally used piezometer connection single cor- 
poration cock screwed vertically into the top the pipe, and have 
accepted the data obtained from these piezometers without question. 

The writer the opinion that when not feasible tap more 
than one hole pipe for piezometer connection, this hole should 
not higher than 45° above the horizontal diameter. some 
experiments flow water 30-in. pipe, made some years ago, 
used three piezometers, each connection consisting corporation 
cock tapped vertically into the top the pipe; and while, the 
exercise great care and frequently blowing off the air, good results 
were obtained from two them, the collection air the third was 
great that its value was seriously impaired, not entirely destroyed. 

The writer has not been able give the paper the attention 
which deserves, but would seem him from such study 
has given that the authors have not sufficiently appreciated how 
large proportion the frictional loss head ordinary water 
pipes due joints. Curves long radius invariably contain 
number joints, while short-radius curves contain few none. 


This would one reason why curves short radius should offer less 
resistance the flow water. 


Farranp Henry, Am. Soc. E.—There must something mr. Henry. 
wrong the observations the deductions when the authors reach 


conclusions two points diametrically opposed accepted 
theories. 


Proceedings, Am. Soc. E., for May, 1901. 


5 
4 
A 
: 
| 
4 
e 


Mr. Henry. 


First: That the friction pipes increases with the radius curv- 
ature. They claim that the least friction was found 90° curve 
with radius 2.5 diameters, and the greatest similar curve 
with radius diameters. Can not legitimately concluded 
that line pipe through which the water will flow with the least 
friction must have many sharp right-angle bends possible? 

Second: That the locus maximum velocity circular pipe 
may anywhere except the center. The heretofore recognized 
theory regard this locus admirably expressed Dubuat: 

When the flow water has become uniform inclined pipe 


the fillet which occupies the axis moves with the greatest velocity, 


because furthest from the cause retardation, that is, the outer 


other words, the fastest current follows the line least resist- 
ance. This has been the teaching all velocity measurements, from 
the small experimental canals the largest rivers. 

The velocity observations small canals MM. Darcy and 
are very numerous and are given such detail that the locus 
maximum velocity can readily found. rectangular canals the 
maximum velocity near the center vertical, and where the 
depth was less than one-fourth the width was the surface; 
with the depth equal one-half the width descended about 
one-third the depth, the friction the perpendicular sides seem- 
ing force the locus beneath the surface. triangular canals the 
surface velocity was greatest until the depth was about one-third 
the width, and semi-circular and trapezoidal canals, the effect the 
sides seemed between that the triangular and rectangular 
forms. MM. Darcy and Bazin remark that the friction has much 
less influence retarding the upper layers than this curious infiuence 
the sides. Among their observations were some rectangular 
canal covered the top and running being the same 
pipe conveying water under light pressure. The observations were 
taken the intersections imaginary lines crossing the tube 
right angles parallel the sides the covered These read- 
ings were then plotted and curves drawn through points equal veloc- 
ity. these they say: 

curves are extremely regular, and differ very little from rect- 
angles which the sides are parallel the sides the tube. 

The curves equal velocity evidently tend repro- 


the form the water, and notice that following the con- 
tour the tube they preserve very nearly their respective distances.” 


Similar observations, but much larger scale, were made 
Racourt one winter the Neva when was covered with ice, forming 
tube 900 ft. wide and ft. deep. The maximum velocity—about 


Idem, pp. 174 and 175. 
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miles hour—was found little below the center the deepest ver- Mr. Henry. 


tical, while the summer was near the surface. The first 
Chicago water-works tunnel, brick tube miles long and ft. 
diameter, was gauged with the Telegraphic current meter, and, though 
the observations were too few plot more that one curve, was fairly 
regular, with the maximum velocity the center, 

All other series observations which the writer has access, 
except one, confirm this law: pipes the maximum velocity the 
center, narrow canals more less depth below the surface, 
according the ratio between the depth and width, and rivers 
near the surface, always being the line least resistance. 
The exception given the report Humphreys and Abbott the 
gauging the Mississippi, where claimed that the maximum 
velocity was about one-third the depth; but the writer has 
elsewhere shown the Mississippi observations were made conform 
the vertical velocity curve observed little canal. may seem 
foolish review all this old work, but when explorer attempts 
leave the beaten path least look the records those 
who blazed the trail. 

The velocity curves plotted the plates which accompany this 
paper remind the writer his despair when first tried plot the 
double float observations made during the first year the work 
determining the outflow the Great Lakes. The plotted velocity 
measurements were just about irregular, and felt like giving 
the work disgust. The observations Humphreys and Abbott 
the Mississippi—the only other extended series double float obser- 
vations which has any knowledge—were just erratic. 
sixty-nine selected vertical curves, which they used the calculation 
their formula, twenty-three gave the velocity the bottom greater 
than the surface, some cases more than ft. second. 

these observations, Dr. Hagen says: 

Extraordinary anomalies are shown where these series are 
graphically represented. some them the curves are quite regu- 
lar, but others the velocity remains nearly the same from the 
surface the bottom, but frequently with increasing depth 
increases and decreases considerably. Generally, the velocity decreases 


with the depth, but few series have opposite tendency, that is, 
surprising increase near the bottom the river.” 


The trouble, then, was not entirely due errors observation, 
but the floats were fault. Some instrument, therefore, had 
found that would better record the velocities, the work would have 
abandoned. best form then known was the Woltman 
Mill” There were many modifications this 


But, ‘as shown 


device, the Saxton’s meter being perhaps the best. 


Flow Water Rivers and 
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Mr. Henry. Mr. Baumgarten,* while was unexcelled work shoal water, 


was impracticable deep rivers. Fortunately, there came the idea 
recording the revolutions the wheel electrically, and so, for the 
next two years, the velocities the rivers connecting the Great 
Lakes were very satisfactorily measured, and there was very little 
more trouble from eccentric curves. Baumgarten calibrated his 
little Mill” drawing through still water and comparing 
with floats. The coefficient the Telegraphic current meter was also. 
obtained drawing through still water, and was also compared 
with floats all the surface the agreement was very 
close, but toward the bottom the floats gave higher velocities than the 
meter. late Chesbrough, Am. Soc. E., Chief 
Engineer Public Works, Chicago, found that the formulas the 
flow water pipes gave about 20% less water flowing through the 
lake tunnel than was recorded the pumps, and asked that 
Telegraphic current meter might used measure the velocity 
flow inthe tunnel. assistant was sent with meter, and observed 
the velocity different points the tunnel. during parts three 
days only. The flow calculated from these measurements was 
the amount recorded the pumps, and the pumps were esti- 
mated have about the correctness the coefficient the 
meter was pretty well proven. 

Thus, the use the meter, the writer was saved from the 
temptation following Humphreys and Abbott, advancing 
theories utterly variance with the laws flowing water. course, 
the floats were fault, even now seems that the instruments used 
were not fitted for the work, for the patient and efficient work the 
authors, and the fullness with which they have presented every detail 
cannot too highly praised. 

Pitot’s tube, when presented the French Academy the inven- 
was simply glass tube, curved 90° the bottom, with orifice 
considerably less the tube. this was soon added 
second tube open the bottom. Ina paper read before the Academy, 
Dubuat speaks the Pitot and suggests that the tubes 
made tin, containing floats carrying rod moving front 


Annales des Ponts Chaussées, 1847. 


Chesbrough calculated the flow water the tunnel several 
formulas, which gave the following percentages: 84%; Blackwell, 85%; 
Prony (1), 73%; Prony (2), Eytelwein, 84%; (1), 81%; D’Aubuison 
and Weisbach per cent. The list was continued the writer, embrace the 
more modern formulas, follows: Neville, 85%; Jackson, 88%; Saint Vermant, 104% 
Farming, Kutter, and Sullivan, 109 per cent. 

later formulas contain coefficient roughness, for which value has 
been assumed fulfilling nearly possible the conditions the tunnel. 
Itis unfortunate that the Kutter formula, which has been praised much, should 
have been largely founded the Mississippi observations Humphreys and Abbott. 


Memoires Académie, 1782. 


7 


scale from which the heights can read. But Bazin first Mr. Henry. 


instrument precision.* constructed the lower portion 
the two tubes brass copper with cock the upper end each, 
controlled single handle. Above this the tubes were glass, 
joined the top, with small tube closed cock. Between the 
glass tubes was ascale suitably graduated. operation, the tubes 
were placed the water, and, means the small tube, the air 
was partially exhausted, causing the water rise convenient 
reading height, when the cock the small tube was closed, and the 
water rose and fell according the action the current, there being 
always partial vacuum over the tubes. cord was fastened 
the handle the lower cock, that could closed quickly 
when the water the columns was maximum MM. 
Darcy and Bazin calibrated these tubes three different methods 

First.—By placing the tube front boat and drawing 
through still water different velocities. This gave coefficient 
1.034. 

Second.—By observing the readings stream, the velocity being 
obtained floats. Coefficient, 1.006. 

Third.—By readings taken different parts canal which 
the amount water passing was known measurement its 
volume. Coefficient, 0.993. 

The first coefficient was considered too large, the bow 
the boat would probably raised being drawn through the water, 
and the tube tilted, the current thus striking the orifice angle. 
These gentlemen also calibrated three other tubes, which show what 
marked effect upon the produced changing the 
position the orifice the second tube. 


TABLE No. 55. 
Position the orifices. Value coefficient. Method gauging. 
The orifice the first tube directed against 
the current and the second right 
The ends both tubes directed against the 
current, but the orifice the second 0.875 floats still 
stopped the end and pierced laterally water. 
The orifice the first tube directed against 
the current, and that the second 0.898 floats still 
the direction the current, both the 0.891 


Annales des Ponts Chaussées, 1858. 
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Thus, this isa very delicate instrument, and requires careful adjust- 
ment and handling. may almost perfect the measurement 
velocities little open canals, but cannot predicate from that 
that will work under pressure. Put the Bazin tube through the 
side water pipe which the pressure lbs. more; the air 
will compressed above the water columns and the action may 
entirely different from that which obtains when there partial 
vacuum above them. This, the authors themselves discovered. The 
coefficient found drawing the tube through still water was nearly 
unity, while 2-in. pipe, through which known quantity water 
was flowing, was very much less. Had the pipe been the size 
those experimented on, and the pressure equal that the water- 
works, the coefficient might have been still more different from that 
deduced from the still-water measurements. But this would only 
consequence did want know the amount water passing 
through the mains. does not explain the erratic velocities shown 
the plates. only shows that the Pitot tube not proper instru- 
ment use the measurement velocities under pressure. more 
important thing consider the effect the pulsations flowing 
water. little canals, MM. Darcy and Bazin found that the 
velocity the current was constantly changing, though its effect 
upon the columns water the tubes was minimized the orifices 
exposed the current being very small. The lower cock was closed 
when the water columns were maximum and minimum, that the 
readings were easily taken. Table No. shows some these 


TABLE No. 56. 


first tube, meters. second tube, meters. Remarks. 
0.822 Maximum. 
0.948 0.830 0.118 Minimum. 
0.950 0.822 0.128 
0.945 0.825 0.120 Minimum. 
0.803 0.130 Maximum. 
0.925 0.808 0.117 Minimum. 


The given Table No. varied from 0.008 0.013 m., 
from 0.3 Asthe area ofthe orifices was less than one-thou- 
sandth the area the tubes, the actual range the pulsations 
must have been much greater. These pulsations were first noticed 
Baumgarten his measurements the says: 

The velocity the water not permanent constant the 
same point. These oscillations the velocities are also ap- 


50. 
Annales des Ponts Chaussées, 1847. 


parent the change level the surface the water. plumb- Mr. Henry. 


bob hung that its point will just touch the surface one 


moment, the following moment will either plunged into the 


The Telegraphic current meter was the first instrument actually 

record these pulsations, for putting Morse register into the cir- 
cuit, every revolution the wheel the water made dot the 

moving paper. They seemed follow regular law, rather their 

law could not ascertained, but every minutes these waves 

seemed increase and then diminish. Near the bottom they were 

much larger than the surface, the maximum velocity measured 

being oftendouble the minimum. These pulsations are found wherever 


water motion, from the toy fountain the Gulf Stream. They 
are, apparently, little subject known law the very similar pul- 
sations air motion. Some years subsequently, when Chief 
Engineer the Detroit Water-Works, the writer arranged glass 
mercury gauge such height that the maximum pressure would 


within the compass the tube. There being then reservoir con- 
nected with the mains, was the custom the engineer stop the 
pumps for hour two each times would watch 
the gauge, and the mercury would continually rising and falling, 
sweeping through ins., ordinarily, but every few minutes making 
The authors state that these fluctuations often amounted several 
inches, and attribute them the action the pumps. 
though pulsations common all flowing water will influenced 
other water waves, whether due the pumps other causes, and 
may either increased diminished. 

For some unexplained reason, instead taking the readings 
directly from the Bazin tube, the authors used separate gauge, con- 
nected rubber pipes. Had the pressure been constant, possi- 
bly the rubber would have merely been distended and the observations 

but little different from those taken the tubes directly, they 
should have been, but the ever-varying pressures must have had 
effect the elastic connecting pipes, how much can only conjec- 
tured, but seems probable that the erratic velocities recorded are 
largely due these elastic pipes, and that this the reason why the 
instrument, which the hands MM. Darcy and Bazin did such 
good work, with the authors, proved utterly unreliable. Another 
cause error may the alignment the tube. the orifice the 
first tube does not exactly face the current, the readings may not give 
the true velocity flow. MM. Darcy and Bazin rejected the coeffi- 
cient obtained drawing the tube through still water, 1.034m., 
ins. excess unity, because they considered that the bow the 
boat might have been raised its swift passage through the water. 
The tube was placed ft. advance the boat; the length over all 
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Mr. Henry. 


was probably ft. The rise the prow was possibly ins. more 
than would have been noticed, the length. The 
length the horizontal portion the tube was about that 
inclination only in. was sufficient make the coefficient 
ins. above unity. The turning the orifice the first tube only 
in. either side might make error ten times great. 

Then there may have been small cross-currents the tube, which 
would have had the same effect. 

the rivers and 700-ft. base, the double floats often ran 100 
ft. more, one side the axis the current, the path the 
majority the floats were following. 

seems pity that this careful, patient and honest work was not 
devoted the observations some such instrument asthe Tele- 
graphic meter, which would never have been affected differences 
pressure, would accommodate itself cross-currents, and the observ- 
ers would not have been obliged stand out the cold and wet, 
the wires could have been carried any sheltered place; rather than 
wasted this ancient tube, which very well its place, but 
uncertain when tried closed pressure. 

For the past 150 years, tube, mill and every other instrument except 
the double floats have recorded the maximum velocity the line 
least resistance, the latter placing anywhere from the surface the 
bottom and scarcely probable that these observations 
will accepted and all previous work discarded, any more than the 
Humphreys and Abbott formula, founded the double float observa- 
tions, placing the maximum velocity three-tenths the depth, 
displaced other formulas based more accurate work. 

When engineer Palmer Park, near Detroit, where water-works 
and other improvements were being made, the writer had example 
the retention gas water, with which commingled, 
which may interest this connection. There being vein 
water the gravel just above the rock, half dozen wells were 
bored through the clay depth about 120 ft. and cased with 6-in. 
wire pipe. Considerable natural gas escaped from the wells, and 
the water stood ft. below the surface, central pumping well 
was constructed and connections made with the cased wells tube 
the same depth, the pipe each case rising the surface 
allow the gas free escape. long everything was still there was 
perceptible escape gas, but, soon the pump was started, 
gas would bubble the escape pipes, and water drawn glass 
would look like milk for some time, until the entrained gas escaped. 
This continued for several months, the gas commingled with the 
water not escaping until was pumped out with the water, though 
there was perfectly free vent. This makes one rather skeptical 
entirely expelling the air from water pipe, especially Detroit, 
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where one often sees glass water look turbid for several seconds Mr. Henry. 


until the bubbles rise through it, leaving clear and bright. 

The long piezometric pipes rubber—instead lead used 
most observers—are, therefore, not only subject the constantly 
varying pressures, tending deform them, but also the action 
the entrained air from which the water those pipes can never 
entirely free. The varying would also have much more 
effect these long pipes than upon the connections the Bazin 
tube, because the area the piezometer openings far greater than 
that the orifices the tube. 

These observations, therefore, will hardly tempt cast aside all 
established theories, stultify our common sense. 

they are correct, how foolish the estimate engineers the 
extra power required force air around corners. 


Am. Soc. (by letter).—Hydraulic mr. wisner, 


engineers should appreciate the radical advance made the authors 
this paper their investigations, basing their arguments and 
conclusions upon careful and extensive experiments made under 
conditions existing large distributing systems for water supply. 

The writer familiar with the nature the experiments made 
the authors, the difficulties encountered, the immense amount 
gratuitous work involved, and the intricate analytical investigation 
necessary harmonize results, where possible so, and show 
why differences from heretofore accepted conclusions ought exist; 
and thoroughly realizes that few have had the personal experience 
which will warrant questioning the results these experiments, 
disposed so, which, fortunately, not likely the case. 

should remembered that the time the experiments were 
first undertaken, suitable instruments for obtaining satisfactory 
results the law governing the flow water pipes did not 
exist, and that the formula for such flow was based largely obser- 
vations made under conditions widely different from those found 
actual practice. 

The difficulty correctly rating meters and other devices for 
measuring the velocity flowing water the principal source 
error determining the volume flow pipes and open chan- 
nels, and although great improvements methods and instruments 
have been made there still room for further refinement. 

The recent remeasurement, the Government, the discharge 
three large rivers, which were carefully measured about thirty 
years ago, shows decrease about 20% the computed discharge 
for similar stages, which, far can now determined, largely 
due erroneous rating the meters the earlier work. 

errors 20% can exist what was believed good work 
where the observations were made open channels full view the 
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Mr. Wisner. observers, evident that the difficulties encountered the authors 


properly interpreting the conditions and results observations 
closed pipes were such call for the highest type analytical 
ability and good judgment. 

The determination coefficients for meters and Pitot tubes 
unsatisfactory, for the reason that the conditions under which ratings 
can made are generally entirely different from those the pipe 
channel where the velocity flow determined. instance, 
meter Pitot tube moved different velocities through still 
water the coefficients obtained would practically correct for flowing 
water where all the threads the current are parallel, but such 
condition never exists either open channels closed pipes, there 
are grave doubts whether coefficients obtained moving the gauging 
instruments through still water are correct when the instrument 
used fixed position flowing water. 

the ratings meters for some recent government work, 
attempt was made check the accuracy the coefficients the 
instruments rating each meter movement through still water 
and afterward piacing them side side the stream being gauged, 
and from the respective readings obtaining relative rating between 
the meters under actual conditions the current measured. 
This proceeding all very good detect any change coefficient 
which may occur either meter during work, but far detecting 
any absolute ratings the meters due errors methods, 
similar conditions. 

For instance, the meters both rated canal small that 
the movement the instruments through the water should cause 
current such that the actual movement was 10% greater than that 
through the water, the coefficients obtained would error 10%, 
yet these instruments compared with each other simultaneous 
readings the main current the stream being gauged, the results 
obtained would agree with each other. 

The failure the authors obtain ratings Pitot tubes still water 
which would agree with those obtained flowing water indicates clearly 
that relative ratings may agree closely and yet largely error. 

the opinion that absolute ratings, reliable, must 
made under conditions nearly similar those the stream pipe 
gauged. Thatis, for open-stream work the coefficient the 
meterto used should determined float observations close prox- 
imity the meter different locations the stream, and for Pitot 
tubes closed pipes the coefficient should determined actual 
measurement the volume flow the time the tubes are being read. 

The distribution velocitjes flow pipes and channels has 
important bearing the loss head which will occur. the maxi- 
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mum velocity the center, the distribution will that which will Mr. Wisner. 
produce the greatest volume flow for any given head, and the more 
the velocity curve distorted curves and deflections the pipe 
line, the less will the discharge for any fixed head. 


This being the case, the loss head due curves pipe line 
will function the amount distortion the resulting velocity 
curve and the length pipe through which the disturbance tends 

diminish the mean velocity flow. With curves long radii 
probable that the position the maximum velocity not shifted 
far from the center with curves short radii, yet the latter case 
the length pipe through which the disturbance takes place 
shorter, and therefore with pipes different diameters, there should 
always some certain curve which will produce less total resistance 
flow each case than any other greater less radius. 
The authors’ result, apparently harmony with theory, and 
their determination the ratio between the diameter pipe and the 
radius curve which will produce the minimum resistance flow 
long step advance, the matter obtaining the best practical 


results the design distribution systems for water supply. 

The failure pipes and conduits pass the volume water 
often expected may part traced the causes enunciated the 

The volume water which can passed through pipe line with 
head controlled largely the conditions the sections 
greatest resistance, and where imperfect alignment and frequent curves 
and exist the mean flow will greatly decreased. 

The coefficient roughness, often made vary cover vari- 
ations flow arising from distortion the velocity curve, when, 
fact, should remain practically constant. 

From Figs. and will seen that the glass tubes the dif- 
ferential gauges had internal diameters and well- 
known principle that capillarity will cause water small tubes 
stand higher than the reservoir with which connected. This being 
the case, what diameter tube does this effect become sufficient 
affect materially the results the observations? 

such tubes. when dimensions affected, does the effect 
vary with the head—that is, does difference head ft. indicated 

tube in. ininternal diameter indicate actual difference ft. 
head the reservoir? 

Slow movement water small tubes likely produce con- 

cave surface the tube when moving downward, and convex surface 


when rising the tube. Are the errors from capillarity and direction 
movement appreciable for the size tubes used, and so, are 
the errors arising taken care the coefficients the Pitot tubes, 
determined connection with such gauges? 
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TRANSITION CURVES. 


Discussion.* 


addition the mathematics transition curves, and the 
formulas given are great practical utility, particularly street rail- 
way work. unfortunate that, notwithstanding the uniform prac- 
tice which exists this country regard staking out railway 
curves, such wide diversity should exist the use non-use 
transition curves. spite the various articles which have appeared 
the technical press, and the discussions engineering societies, 
general use transition curves, general uniformity practice, has 
resulted. 

All agree the benefits derived from the use such 
curves, and many valuable methods staking them out have been 
published, but, for some reason other, the practical men who are 
called introduce them seem fight shy them needless 
refinement. 

comparison the various methods will show that most them 
differ but little, and give results that are practically uniform, within 
reasonable limits. The formulas are generally simple, and the appli- 
cation not complicated. most methods the necessary information 


*This discussion (of the paper Lee, Am. Soc. E., printed Proceed- 
ings for August, 1901) printed Proceedings order that the views expressed may 
brought before all members the Society for further discussion. 

Communications this subject received prior October 26th, 1901, will printed 
Proceedings, and subsequently the whole discussion will published 
n ‘ansactions. 
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for use the field has been tabulated for convenience, and the fact Mr. Snyder. 
that these tables are more less complicated, and limited scope, 
may have deterred some from using them. the necessary calcula- 
tions are not complicated, would seem that the use tables 
unnecessary. author refers the use the slide rule for such 
calculations, and the writer the opinion that, the use this 
instrument was more general, more general use transition would 
result, with its aid all the calculations necessary for transition 
curve can made few minutes, thus making tables unnecessary. 
The formulas are well adapted for use the slide rule. 
They can applied toa method deflections offsets, the offset 
method being generally more convenient for railroad work, for the 
reason that the field work, field notes and plotting the curve are 
but little changed from the methods use for ordinary curves; also, 
for the reason that the transition curve need not staked out detail 
during the preliminary stages the work, but merely provided for 
offsetting the circular curve, toward its center from the tangents, 
ing the staking the transition curve until ready for the laying 
the track. 

railroad work, using the offset method, the information required 
for any given degree curve is, the length transition curve, the 
offset from the tangent the main curve when prolonged parallel 
tangent the C., and the intermediate offsets various points 
the transition curve. For this purpose the author’s formula becomes: 


S? 
which the offset the main curve the 


Y=. 


putting 

137 520 


With this formula, single setting the slide rule, the offset 
for any length transition curve for any given degree curve can 
obtained the nearest one-hundredth foot, glance. In- 
termediate offsets, being the cube the distance, can likewise 

obtained readily the slide rule. 
The transition curve bisects the offset the C., and bisected 
the offset line this point. will found most convenient 
practice divide the half length the transition curve into num- 


*Transactions, Am. Soc. E., Vol. 511. 
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ber equal parts, and calculate the slide rule the offsets for corre- 


sponding number points. Points can then set half the. 


transition curve offsets from the tangent, and the remaining 
half offsets from the circular curve, using the same offsets in- 
verse order and opposite direction. 

the method preferred, the deflections, being the 
square the distance, can likewise obtained readily the slide 
rule. The preceding methods and formulas can applied with equal 
facility compound and reverse curves, and the improvement 
old lines, well new construction. 

The writer used similar methods the introduction transition 
curves more than 100 miles existing railway, and, while the 
methods used were not mathematically exact, errors sufficient 
appreciable manifested themselves the field work. work, 
stone monuments were set mark the beginning, end and middle 
points each transition curve, intermediate points being set about 
ft. apart and marked oak stakes. 

The cost this work may interest. The most expensive 
work, naturally, was where there was the most curvature, which was 
section about miles long, 47% being curved, the average de- 
gree curve being and the amount curvature being 125° 05’ 
per mile. The cost per mile was follows: 


Adjusting and marking center $17.17 
Labor, planting and distributing 7.50 


For this sum per mile railroad can put the easing its curves 
more scientific basis than the and rule-of-thumb” 
methods the track foreman, and the same time obtain much 
better results. 

Some roads are expending large sums for the elimination curva- 
ture, and many others only refrain from doing for lack funds. 
The latter may find the introduction transition curves profitable 
investment, pending the time when they can afford eliminate their 
excessive curves entirely. 
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PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


DESCRIPTION COOS BAY, OREGON, AND THE 
IMPROVEMENT ITS ENTRANCE 
THE GOVERNMENT. 


Discussion.* 


valuable paper Captain Black says truly that hindsight better than 
foresight, but taking his bearings upon the retrospect seems 
have gotten the wrong trail, which would lead some erroneous 
deductions. 

First.—The first these that although certain works were 
designed thirty years ago officers, now deceased, found better 
them the original lines rather than make them con- 
form more closely the plans which more recent experience has 
shown best.” Most engineers, finding the line too expen- 
sive and not well adapted its purpose, would have changed the 
location for the best and most economical taking new departure 
and getting out the rut. 

Second.—Attention confined chiefly the movements sand and 
the causes producing them, while the tidal volume and other import- 
ant factors are ignored. correct conclusions can reached unless 
all the elements are considered, and they are many and variable. 
They have been already set forth previous publications. 


Continued from August, 1901, See 1901, Proceedings, for paper 
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describing the formation the crescent-shaped bar,” said 
that out untilthe ebb currents have chance spread 
and lose their force,” and ebb has joined the drainage the 
area the many cases the interior drainage small 
beless than sufficient provide for the evaporation the large 
interior lagoons bays receiving it. therefore negative and hence 
the entire maintenance the channel made depend upon the tidal 
energy, regulated protecting works; and, since the bar itself the 
location where the ebb currents spread the most and fail maintain 
their velocity, that where the assistance should applied pre- 
vent the water the ebb from spreading and losing its force.” has 
been successfully done local work which does not interfere with the 
ingress the tide upon which alone the results are dependent. The 
jetties need not continuous from the shore out across the bar tidal 
inlets. Such construction has invariably been found unsatisfac- 
tory. Captain Black’s remarks are apparently confined those cases 
where there river emptying directly into the sea, which cases 
continuous single jetty, properly located, would most effective, 
because the material the bar derived mainly from within and not 
from the littoral drift. This river sediment vastly greater many 
instances than that from outside, and, two jetties are built, the 
deposits must occur either beyond them, the sea, above them, 
the river, thus raising its bed and its flood plane; either case pro- 
ducing injury the navigable channel, and requiring constant dredg- 
ing. Seethe records the South Pass the Mississippi River. 

Third.—Attention called the unreliability maps, repre- 
senting general conditions, because the frequent changes produced 
storms. But the map supposed the record the 
facts, the time the survey, the only reliable basis for study 
and deductions, and when comparison number maps shows 
prevailing direction movement certainly reasonable inference 
that such representation correct. 

must not discredit our data, else have basis for our deduc- 
tions. The large number surveys, different authorities and 
under variable conditions, Brunswick Bar, all showed progressive 
deepening during the use dynamite and none before it; hence, the 
deduction justifiable that the effect was due that cause, though 
there are engineers who assert that was not, but that had 
come the rescue. How why, they not attempt explain, but 
rely the simple negation. 

maps not represent the general conditions, then, too stren- 
uous interpretation should not placed upon them deciding 
upon the fulfillment contract, and especially when weather con- 
ditions are such that the surveys cannot completed until about six 
months have elapsed after the required depths were secured. con- 
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sequence, the shoaling few inches, places, retarded payments for Mr. Haupt. 


more than year, although the terms the contract were substantially 
and honestly complied with, and the channel had been use vessels 
the requisite draft. 

Fourth.—In considering the location single jetty the South 
Atlantic, Captain Black concludes that one jetty will rarely its 
work,” but cites actual precedent. theorizes upon imaginary 
conditions, and does not realize the ultimate resources the engineer 
arresting littoral drift before ever reaches the jetty, should 
necessary. assumes also that ‘‘there nothing prevent the 
spreading before the working point forgetting that cur- 
rent ejected from coast between walls water maintains its energy for 
considerable distance, and that there frequently large excess, 
that the utilization only portion may suffice for navigation 
purposes across the bar. After considering the case jetty the 
north side impound the sand, and then the south, concave 
the current, order hold it,” the conclusion reached that 
both cases results are illustrated from 
the history both the St. John’s River and Galveston 

While true that both these instances the results were disap- 
pointing the extreme, the hindsight again defective, neither 
was single concave jetty built, but, the contrary, both 
cases two convergent straight jetties were constructed; hence, 
deductions from them can applied concave jetty located 
the correct side the channel. They have served their purpose 
teaching what avoid future. These disappointing results were 
anticipated and reiterated some the civil engineers employed 
the works, who were rewarded being dismissed. 

continuous concave jetty, however, was built Aransas Pass 
the Government, was acknowledged failure, and was abandoned; 
but detached, concave breakwater built the bar private parties 
was pronounced success, although only partially completed. What 
constituted this difference between success and failure the same 
inlet—and one-half the cost 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


EDGAR SHELDON CARY, Am. E.* 


January 1883. 


when was twenty years age, was employed chainman, rod- 
man and leveler the preliminary survey the New York and 
Albany Railroad. The next year went the Albany and Sus- 
quehanna Railroad, where served draftsman the general 
offices and assistant construction near Nineveh, the 
spring 1868 became leveler the preliminary surveys the 
Cherry Valley and Albany Railroad, and afterward became transit- 
man the location and First Assistant Engineer the construction 
the road. the winter 1868-69 was leveler the pre- 
liminary surveys the Boston, Hoosac Tunnel and Albany Railroad. 

September, 1870, became Principal Assistant Engineer 
the construction the Lackawanna and Susquehanna Railroad, where 
remained for about year, being then transferred the New York 
and Canada Railroad, and put charge party revising location. 
Early 1872 was transferred the New York and Albany Rail- 
road transitman location, and few months was transferred 
back his former position with the New York and Canada Railroad, 
where remained until the completion the work June, 1873. 

then went Albany, Y., and, after short engagement 
under the City Surveyor, opened office engineer and surveyor. 
His chief work was set assessment maps Bath and Little Falls, 
for which made the surveys. During this time was also 
charge party the location the Boston, Hoosac Tunnel and 
Albany Railroad and located the Albany and Greenbush Bridge. 


the fall 1875 became assistant the construction of. 


the terminals the New York Central and Hudson River Railroad 
Sixty-fifth Street and North River, New York City. April, 1877, 
became engineer for the contractor the Riverside Avenue Im- 
provement New York City, and about year later joined the engi- 
neering corps engaged the location and construction the Second 
Avenue Elevated Railroad the same city. October, 1879, 


prepared the Secretary from information furnished William 
Searles, Am. Soc. E., and from papers file the House the Society. 
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became engineer for the contractor the construction the Mad 
River Dam, near Waterbury, Conn. 

July, 1880, resumed railway work, and was put charge 
party making preliminary surveys and the final location the 
Eastern Division the Middletown Branch the North River Rail- 
way. was soon transferred the New York, Ontario and Western 
Railway Resident Engineer construction, position which 
held the time his death. his work the Middletown Branch 
was given only general instructions, but obtained very satisfactory 
results, both alignment and ruling grade. The use spiral curves 
was just then coming into use, and Mr. Cary proved valuable 
assistant the preparation the formulas and tables used facili- 
tate laying out these curves the field. The Middletown Branch 
was the first part the line receive spiral treatment, and Mr. Cary 
laid out the curves from the manuscript, the book not having been 
published. 

While still charge the eastern half the Branch, made 
survey the river front Newburgh which was remarkable for 
its accuracy and minuteness detail. The map this survey, 
drawn large scale, was used freely project the several alternate 
lines proposed the very difficult matter getting location for 
the West Shore Railroad through Newburgh, distance two miles, 
involving tunnel 400 ft., and elevated causeway between 
retaining walls through many blocks, after large number valuable 
buildings had been removed. was only after this removal that the 
center line, means straight one, could confirmed 
perfectly the accuracy the general survey. 

Mr. Cary took intense interest all his work; indeed, was 
enthusiast his profession, arapid and industrious worker, quick 
learn and seize upon any methods, new him, which better 
results might achieved. was self-made man, and was 
ambitious still learning. Modest, genial and sincere, com- 
mended himself his superior officers, and won the esteem and 
respect those under him. never spared himself while anything 
remained done, and thus, while perfectly temperate habit, 
he, through undue zeal, laid the foundations for the disease which 
carried him early grave. left wife and several interesting 
children mourn his loss. 

Mr. Cary was elected Member the American Society Civil 
Engineers November Ist, 1882. 
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ALFRED EPHRAIM HUNT, Am. Soe. E.* 


Diep 26TH, 1899. 


Alfred Ephraim Hunt was born East Douglass, Mass., March 
1855, his parents being Leander Batchelor and Mary Hunt. 
his father’s side belonged the eighth generation descended from 
William Hunt, who 1635 came from Salisbury, England, and became 
one the original settlers Concord, Mass. Another ancestor served 
with Jackson’s Additional Continental Regulars during 
the Revolution. Mr. Hunt’s paternal grandfather was the founder 
the works Douglass, Mass., where the celebrated axes were 
manufactured. his mother’s side his ancestry traceable directly 
back Rev. Peter Thacher, one time rector St. Edmund’s Church, 
Salisbury, England. 

the twenty-three years his active professional life Mr. Hunt 
was not only prominent several enterprises which marked epochs 
the metal industries, but also took the part pioneer the latest 
these, the development processes for the cheaper production 
aluminum. 

Mr. common education was obtained the Roxbury 
High School, and was graduated 1876 from the Massachusetts 
Institute Technology metallurgical and mining engineer. For 
several summers Mr. Hunt had obtained experience service with the 
United States Coast Survey, and during part his senior year the 
Institute had engaged analytical and metallurgical work for the 
Bay State Steel Company, South Boston. Immediately after being 
graduated, was engaged Chemist and Assistant Manager the 
open-hearth plant these works, and here assisted the erection 
the second open-hearth steel plant the United States. 
gestion the manager these works, Mr. Hunt wassent Michigan 
investigate the newly discovered iron ore deposits. His reports the 
ore Northern Michigan and Wisconsin had important bear- 
ing the development ores region now famous for the extent 
and product its iron mines. 1877 became Metallurgist the 
Nashua Steel Company, Nashua, H., and these works had 
charge the reconstruction the rolling mill and the building 
number furnaces. 1881 removed Pittsburg, Pa., and became 
Metallurgical Chemist and Superintendent the Heavy Hammer 


Department the Black Diamond Steel Works Park Brothers and 
Company. 


prepared the Secretary froma more extended memoir John Free- 
man, Am. Soc. E., printed The Technology Review, Vol. and from papers 
file the House the Society. 
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Mr. Hunt’s widely-known work the testing and inspecting 
engineering materials began 1883, when, connection with George 
Clapp, Assoc. Am. Soe. E., then the firm Park Brothers and 
Company, started metallurgical and chemical department the 
Pittsburg Testing Laboratory, for the physical and chemical testing 
materials and the inspection iron and steel structures. years’ 
time the business had attained such proportions that Mr. Hunt and 
Mr. Clapp acquired complete control the Testing Laboratory and 
devoted their entire time its affairs. Mr. Hunt had charge the 
inspecting department the business and the inspection the 
material for some the most important metal structures erected 
this country during the last fifteen years, including bridges over the 
Mississippi and Missouri Rivers and the Poughkeepsie Bridge over the 
Hudson. 

Mr. Hunt’s services were frequent demand consultation, the 
courts and the development metallurgical processes. was 
this latter line research that his attention was directed the pro- 
cess for the reduction aluminum, discovered Mr. Charles 
Hall. This process had been experimented with works where 
aluminum, then selling $15 per pound, was produced, but had 
been abandoned favor the earlier processes. Mr. Hunt, how- 
ever, was quick recognize the merit the scientific principles 
involved the process, and 1888 organized the Pittsburg 
Reduction Company, raising the capital among his personal friends. 
Since its organization, Mr. Hunt had been President and General 
Manager the company, and his energy, judgment and enterprise 
the remarkable growth the industry and the cheapening the pro- 
duct selling price cents per pound are due. 

Mr. Hunt’s ancestors served the Continental Army, and during his 
student days, became warmly interested the lectures military 
science and tactics. served the Volunteer Militia Massa- 
chusetts and New Hampshire during his residence those States, 
rising office; and removal Pittsburg helped organize the 
artillery arm the State troops. For twelve years served the 
commander Battery the National Guard Pennsylvania, and 
had brought high state efficiency. the outbreak the 
war with Spain, the battery, man, enlisted within twenty-four hours 
the President’s callfor troops, and Captain Hunt put aside his im- 
portant business interests lead his command. was sent home 
from Chickamauga, invalid, and, although had not fully recov- 
ered, determined accompany his battery when was ordered 
Porto Rico. There contracted malaria, which affected his heart, and 
was discharged from the service seriously ill the result his 
exposure. was his way from Pittsburg the seashore search 
rest and health, when, hotel Philadelphia, was seized with 
hemorrhage whieh proved fatal. 
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Captain Hunt was prominent masonic circles, being Past Emi- 
nent Commander Tancred Commandery No. 48, Knights Templar. 
was also member the Syria Temple the Shriners, and was 
member the Scottish Rite Masons the Valley Pittsburg. 
this order had attained the 32d degree. 

was married 1878 Miss Maria McQuesten, Nashua, 
H., and left one son, Roy Arthur Hunt. 

Mr. Hunt was elected member the American Society Civil 
Engineers September Ist, 1886. contributed 1893 paper 
Proposed Method Testing Structural which was pre- 
sented the International Engineering Congress, Chicago, and for 
which the Norman Medal the Society was awarded 1894. was 
also Member the Institution Civil Engineers, the Iron and Steel 
Institute, the American Society Mechanical Engineers and the 
American Institute Mining Engineers. was active the move- 
ment for the purification the water supply Pittsburg, and the 
time his death was member commission appointed the city 
investigate remedies for the smoke nuisance. 


WILLIAM BATEMAN LAWSON, Am. 


1901. 


William Bateman Lawson was born Chesterfield, Illinois, 1846. 
Raised farm, acquired sturdy habits industry, and was pos- 
sessed astrong constitution and robust health. Upon the completion 
his collegiate education the Shurtleff College, Upper Alton, 
nois, the year 1867, the natural inclination his mind was toward 
scientific subjects, and was very reasonable expect that the pro- 
fession civil engineer would the most congenial his nature. 

The era railroad construction was its height throughout the 
West this time, and Mr. Lawson commenced work rodman with 
locating party the Burlington and Missouri River Railroad, near 
Creston, Iowa, May, 1868. Being studious nature and indus- 
trious, careful attention his duties, his advancement was rapid, 
and 1870 wasin charge construction work the Burlington 
and Southwestern Railway. From this date until 1886 was con- 
nected with various railroad enterprises and responsible positions. 
1874 and 1875 was engaged the location and construction 
the Bucksport and Bangor Railroad, Maine. Afterward, was 
charge construction several branches the Chicago, Burling- 


Transactions, Am. Soc. E., Vol. xxx, 181. 
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ton and Quincy Railroad and Iowa. 1881 and 1882 
was Chief Engineer the Humeston and Shenandoah Railroad, 
Towa, from its inception until was completed. the latter part 
1883 was appointed Chief Engineer the Chicago, Burlington and 
Northern Railroad, and skillfully carried out the difficult task locat- 
ing the line along the eastern bank the Mississippi River, where 
much engineering ability was displayed overcoming the difficulties 
crossing existing lines railroad and fitting the line the 
somewhat peculiar conformation river bluff and intervening valley 
lands. the year 1886 the Chicago, Burlington and Quincy Railroad 
contemplated extension its system west from Denver, Colorado, 
through the Rocky Mountains, and Mr. Lawson was appointed Chief 
Engineer the work, and personally made thorough examination 
the entire route between Denver and Salt Lake, and over much the 
country between Salt Lake and the Sierra Nevada Range. super- 
vised the work many engineer corps who made exhaustive surveys 
the contemplated route, much which was located and made ready 
for construction. this work showed rare faculty for handling 
large enterprises the best advantage, and was familiar with every 
detail the entire work, scrutinizing and passing upon each problem 
the work progressed. The construction this extension was, how- 
ever, deferred the railroad company, and Mr. Lawson, who had 
the meantime established for himself home Denver, opened 
office consulting engineer, and was engaged until the time his 
death mainly railroad and hydraulic work. 

1893 was engaged upon the difficult work locating portion 
the Florence and Cripple Creek Railroad, narrow-gauge road with 
30° curves and grades, and 1899 made reconnaissance survey 
for the improvement the Oregon Short Line inIdaho. His last work 
was the construction large reservoir system for the Colorado Fuel 
and Iron Company, near Pueblo, Colorado, his sudden death 
apoplexy occurring before the entire completion the enterprise. 

Mr. Lawson was nature peculiarly fitted for civil engineer, 
having investigating and critical mind, which not alone studied and 
mastered the theory, but which also tested the practicability each 
subject investigated. was man tireless energy and persever- 
ance, and one the most thoroughly posted engineers the West, 
and his counsel was always wise and safe. was earnest friend 
the younger members the profession, and his assistance was given 
them quiet and unostentatious manner. 

February 10th, 1876, was married Miss Phebe Spofford 
Bucksport, Maine, who survives him. 

was elected Member the American Society Civil Engineers 
February 1st, 1893, and was active member the Denver Society 
Civil Engineers while that organization was existence. 


| 

q 

5 

F 

| 

| 


916 MEMOIR ROBERT IMLAY SLOAN. 


ROBERT IMLAY SLOAN, Am. Soe. E.* 


3p, 1901. 


Robert Imlay Sloan, son William Henry and Caroline (Imlay) 
Sloan, was born February 23d, 1837, Flemington, the county seat 
Hunterdon County, His father was prominent lawyer Flem- 
ington, also was his uncle, Peter Clark, whose name was well 
known throughout the State. 

1852 Mr. Sloan commenced his professional career Rodman 
with Captain John Partridge, Resident Engineer the Fleming- 
ton Branch the Belvidere and Delaware Railroad. this road Mr. 
Sloan was engaged until 1855, Leveler, Transitman and Assistant 
Engineer, having charge one section. 

the fall 1855 entered the Rensselaer Polytechnic Institute 
Troy, Y., and was graduated with the Class 1859. 1866 
was Assistant Engineer the St. Joseph and Topeka Railroad, and 
also the St. Joseph and Marysville Railroad, both Kansas. 

From 1861 1864 Mr. Sloan was the Quartermaster’s Depart- 
ment the Army the Potomac, Virginia. was surveyor 
oil tracts Venango County, Pa., and then Assistant Engineer the 
Atlantic and Great Western Railroad, and surveys for the improve- 
ment Rock River and the Mississippi River, under the United 
States Government. was City Engineer Trenton, J., for four 
years. 

February 1876, Mr. Sloan was employed Principal 
Assistant Engineer surveys the Metropolitan Elevated Railway 
New York City, consisting the Gilbert (Sixth Avenue) and Second 
Avenue lines. Under William Shunk, Chief Engineer, designed 
the foundations and track system the Metropolitan Elevated Rail- 
road the West Side, New York City. When the Sixth Avenue and 
Second Avenue lines were leased the Manhattan Railway Company 
Mr. Sloan retained the same position the latter company until 
August Ist, 1881, when was appointed Chief Engineer. This posi- 
tion held until March 1st, 1890, when resigned, become Chief 
Engineer the Chicago South Side Elevated Railway during its 
construction. remained with this road for some time after was 
completed and running order, and then, account failing health, 
resigned and came East. 

For two years was interested lumber and planing mill, 
connection with building houses contract New Jersey. 

For time was engineer for and Cornell, and 


prepared the Secretary from papers file the Society House, and 
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looked after the erection number buildings, among which was 
the Waldorf-Astoria Hotel New York City. 

the time his death was member the firm Hall and Com- 
pany New York. 

Mr. Sloan was able and conscientious engineer, and stood high 
the profession. had great many friends, and was well liked 
all who became intimately acquainted with him. was retiring 
disposition, and his naturally nervous temperament was accentuated 
ill health. would, times, give vent his feelings mo- 
mentary flash temper, when things did not wished, but 
this would soon pass and would become calm and placid 
though nothing had happened. never harbored ill feeling 
against anyone, and was kindly disposed everyone met. 

Mr. Sloan had been brought Presbyterian, and had 
ing faith the future state, laid down according the Christian 
scheme, and would resent anything which seemed cast doubt 
such idea. 

June 5th, 1878, Mr. Sloan was married Miss Rupert, Tren- 
ton, with one son, Robert Sloan, Jr., survives him. 

Mr. became Member the American Society Civil Engi- 
neers October 1884. 


HAMILTON SMITH, Soc. E.* 


Hamilton Smith was born near Louisville, Ky., July 5th, 
and was the son distinguished lawyer, Hamilton Smith, Sr., orig- 

Until was thirteen years age, attended the schools 
Durham, but from 1854 1859 studied engineering his father’s 
coal mines Cannelton, Ind., where arose rapidly chief 
the engineering and accountant’s departments. From 1859 1867 
was engaged developing collieries Kentucky and Indiana and 
the railroads and machinery connected therewith. 
When left Cannelton 1869, the age 29, California, 
was already known skilful mine manager and leader men. 

His first work the Pacific Coast was Consulting Engineer 
the Triumfo Mine, but his master work that period was hydraulic 
gold mining, while was Engineer and Manager the North Bloom-. 
field and Milton Mines, Nevada County. Here designed and 
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carried out large and important dams, pipe lines and other works, and 
became the récognized authority all matters relating hydraulic 
mining California. The outcome this and similar experience was 
his able and well-known work Hydraulics.” 

Mr. Smith was also connected with various other mines the Pacific 
Coast and Mexico, and was active efforts cheapen the manufact- 
ure high explosives and establishing the Vulcan Powder Works. 

1881 reported the Callao Mine, Venezuela, for Messrs. 
Rothschild London, and, Consulting Engineer, afterward de- 
signed and superintended the construction the machinery and appli- 
ances for that mine. 

1885 Mr. Smith established himself London mining 
engineer, partnership with the late Mr. Edmund Crano, with 
whom; 1886, founded the Exploration Company, Limited.” 
This company was started with the modest capital $100 000, but 
1889 its capital was increased 500 000, and 1896 was again 
increased 250 000. 

manager that company was actively interested gold 
mining South Africa, which visited 1892 and again 1895, 
and took part the formation the Consolidated Deep Levels, The 
Transvaal and General Association, and other enterprises. The results 
his investigations the Rand, and those Mr. Perkins, led 
the formation deep-level mining companies, the working which 
was described him some length the Times 
January 17th, 1893. 

Mr. Smith was also connected with the Alaska Treadwell, Alaska 
United, Alaska Mexican Gold Mining, Anaconda Copper Mining and 
many other first-class companies. 

1895 his partner, Mr. Crano, died, and Mr. Smith formed 
partnership with his old friend, Mr. Perkins, the firm having 
their head office New York City. 

One his last operations was controlling interest the 
Mariposa Grant, California. 

Mr. Smith was married 1886 Mrs. Charles Congreve, née Miss 
Jennings, New Orleans, La., who survives him. 

resided Washington, C., and Durham, H., the home 
his ancestors, and was the latter place that died. 

1890, association with Sir Benjamin Baker and Mr. John 
Meiggs, was active the promotion the Central London Railway, 
and the engineering and financial features this work continued 
deeply interested. small measure the success this under- 
taking was due his untiring energy. 

Mr. Smith contributed three papers the Transactions this 
Society, follows: Flow Water through Water 


Transactions, Am. Soc. E., Vol. xii, 119. 
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Power with High Pressures and Wrought Iron Water and 
Water Various Depths Lakes and 
was awarded the Thomas Fitch Rowland Prize for the second 
these papers, 1884. 

Hamilton Smith was able, energetic and successful engineer. 
was elected Member the American Society Civil Engineers 
February 5th, 1879. was also Member the American 
Institute Mining Engineers, and the Institution Civil Engineers 
Great Britain. 


CHARLES HERBERT SWAN, Am. Soe. 


17th, 1899. 


Charles Herbert Swan was born Boston, Mass., August 17th, 
1842. His parents were James and Matilda Loring Swan. came 
from line Revolutionary and other Massachusetts families, 
including the Lorings, Tufts, Dudleys and others. 

was educated the Boston public schools, entered the Law- 
rence Scientific School Harvard University 1859 and was gradu- 
ated thence 1861. His schoo] associates remember him the 
same quiet, conscientious worker continued all his lifetime; 
good companion, musically disposed, player the flute. 

those days the construction million-gallon water plant was 
event, and take part contribution the practice civil 
engineering the United States. Such piece work was the 
construction the Charlestown (Mass.) Water-Works Slade, 
Stevenson, civil engineer, and Mr. Swan had part 
the whole it. His name, with others, is, accordingly, duly 
recorded the marble slab erected the pumping station the 
completion those works, which, less than forty years later, are 
practically dismantled, and, with the memorial slab, run fair 
chance, before long, being broken for old junk and building 
material. 

His next work was the Salem Water-Works, where remained 
until the fall 1869, during the last year Acting Chief Engineer. 
then went Providence, I., one the assistant engineers 
Herbert Shedd, Am. Soc. E., water and sewerage 
works. remained Providence until 1881, except that spent 
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part 1874 and 1875 Europe account his health. 1880 
had serious trouble with his eyes, and was obliged discontinue work 
for three vears. removed Boston 1881. 

1884 went Europe with Samuel Gray, Am. 
E., then City Engineer Providence, study the sewerage sys- 
tems various European cities, and prepared the historical part 
the resulting report. 

1886 was employed Rudolph Hering, Am. E., 
then Chief Engineer the Chicago Water Supply and Drainage Com- 
mission, special assistant. Between the fall 1887 and the 
spring 1888 was engaged making study, for the Water 
Supply and Sewerage Committee the Massachusetts State Board 
Health, the scheme disposal the sewage the North 
Metropolitan Sewerage District chemical precipitation. 

was teacher, for one term, the Lawrence Scientific School, 
during the absence Professor Chaplin, the spring 1889, giving 
instruction the strength materials, hydraulics, and water 
supply and sanitary engineering. 

1889 was appointed one the assistant engineers the Met- 
ropolitan Sewerage System, with which work was more less 
actively connected until the time his death. 

From October, 1894, September, 1897, was assistant engi- 
neer the Boston Subway, but was also employed the Metropolitan 
Sewerage System during portion this period. 

the winter 1897-98 made report projected joint 
system sewerage for Salem and Peabody. From 1898 1899 
was again devoting his whole time the Metropolitan Sewerage 
work, and had charge the special hydraulic studies and the prepa- 
ration the text the engineering portion the report for the 
high-level gravity sewer for the relief the Charles and Neponset 
River Valleys.* 

Mr. Swan was elected Member the American Society Civil 
Engineers March 16th, 1870. became member the Boston 
Society Civil Engineers 1882. 

June 30th, 1870, was married Miss Carrie Cheney, daughter 
President Cheney, Bates College, Lewiston, Me. His widow 
and four sons survive him. 

its personal relations, Mr. Swan’s life was most admirable. 
was loving husband and father. since his twenty-first year 
had been active member the Baptist Church, Boston and 
Providence, and the time his death was the President the 
legal society managing the property the First Free Baptist Church 
Boston. 


Mr. Swan’s portrait, and more extended biography, may found the Journal 
the Association Engineering Societies for September, 1899, Vol. xxiii. 
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characteristic him that his funeral sermon should have been 
preached from this text which had himself, though with great diffi- 
dence, only short time before, suggested the pastor text for 
Sunday sermon, with few thoughts upon it,” that had jotted 
down: 


Blessed are the pure heart: for they shall see God.” 


LEVIS PASSMORE PENNYPACKER, Assoc. Am. E.* 
1901. 


Levis Passmore Pennypacker was the eldest son Charles and 
Elizabeth Pennypacker. was born West Chester, Pa., 
January 1864, and was educated Friends’ School; Taylor 
Academy, Wilmington, Del.; Swarthmore College; Adams Academy, 
Quincy, Mass, and the Polytechnic Institute Troy, 

When years age entered the service the Denver and Rio 
Grande Railroad Company rodman, and spent some months Col- 
orado and Utah. December, 1881, entered the employ the 
Pennsylvania Railroad and served rodman the location and 
construction the Philadelphia, Germantown and Chesinut Hill 
Railroad. June, 1885, was appointed Assistant Engineer 
Construction with the Philadelphia Traction Company, and became 
Division Engineer February, 1886. was appointed Engineer 
Charge Construction the Sansome Street Division March, 
1887, and Assistant Engineer the United States Construction Com- 
pany April, 1887, and held the dual position until May, 1888, when 
was transferred Chicago, Assistant Engineer the 
United States Construction Company and Engineer the 
North Chicago Street Railway. 

took charge the cable construction the West Chicago 
Street Railway November, 1888. 

August 10th, 1890, was appointed Representative and Assist- 
ant Engineer the Chief Engineer the United States Construction 
Company, the Broadway Cable Construction Company and the 
Baltimore Traction Company. 

the same year went San Salvador, Central America, where 
held high position the service that republic civil and 
mechanical engineer. Becoming involved quarrel with Ezeta, 
President San Salvador, escaped from the country and returned 
his home West Chester. 


Memoir prepared the Secretary, from papers file the Society House. 
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Soon afterward received invitation enter the service the 
President Guatemala, General Inspector and Superintendent 
Construction the public works then going forward Guatemala. 

Mr. Pennypacker, mathematician, electrician and draftsman, 
and also field work, was skilful and energetic. was very quick 
his movements, and was endowed with great strength. was 
thoroughly familiar with the country and passed days and nights 
the forests along the Matauga River, with only two negro assistants. 

Mr. Pennypacker became Associate Member the American 
Society Civil Engineers April 1891. was high the 
Order, being Knight Templar and Shriner. 

While business trip San Lucia, which short distance 
west Guatemala City, was attacked pneumonia, which proved 
fatal. was buried Escuintla with Masonic honors. 


STEPHEN PASCHALL MORRIS TASKER, Am, Soc. E.* 
Diep 1900. 


Stephen Paschall Morris Tasker was born 1834, and was the son 
the late Thomas Tasker, Sr., one the founders the firm 
Morris, Tasker and Morris, pioneers the manufacture wrought- 
iron tubes the United States. 

received his education private schools, and, after serving 
apprenticeship the Pascal Iron Works, became member the firm 
1856-57, remaining active connection therewith until after the 
removal the works New Castle, Del., and its incorporation and 
absorption the National Tube Company. 

became Fellow the American Society Civil Engineers 
September 20th, 1872. 


Memoir prepared Henry Morris, Am. Soc. 
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MINUTES MEETINGS. 
THE SOCIETY. 


September 25th, 1901.—The meeting was called order 8.40 
M., President James Croes the chair; Charles Warren Hunt, 
Secretary, and present, also, members and guests. 

The Secretary read the following cablegram: 


SEPTEMBER 1901. 
the American Society Civil Engineers, 


220 West 57th Street, New York: 
President, expresses the profound sorrow and sincere 


sympathy the Institution Civil Engineers the tragic death 
your honored chief, McKinley.” 


President Croes spoke follows: 


difficult realize that, during the short interval that has 
elapsed since last met here, tragedy has occurred which has 
stirred the whole civilized world manner and extent the like 
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which has never been experienced the history the world. 
The day after our last meeting this hall, the President the 
United States, the Pan-American Exposition, summed the prog- 
ress the century, showed how the Nation had advanced the posi- 
tion world-power, and clearly and forcibly outlined the path the 
Nation should pursue hold its position and increase its influence. 
The next day was stricken down the hand useless being. 

The world shuddered, and for week hung with breathless inter- 
est upon the messages from the bedside the dying man, and, when 
passed away, with words pious resignation the will the 
Almighty his lips, ceased its labors everywhere and paid silent 
heartfelt tribute his memory. 

The law once took the assassin hand, and has had trial 
due form law and has been convicted his crime. 

reviewing the character and career William McKinley, 
has seemed that possessed many the characteristics the 
true civil engineer. careful investigator questions which came 
before him for adjudication, was slow decide, open convic- 
tion, vigorous advocacy what the time felt right, 
but not afraid change his mind when affairs had changed when 
new arguments were presented him. Courteous his oppo- 
nents and ever ready discuss principles, has been some 
considered one who was too much disposed compromise. 

me, rather seems that was progressive, and not simply 
persistent advocate any opinion merely because had held once 
and had consistent. 

looked abroad, felt the public pulse, noted the sequence 
events, and forecast the results which they must lead. 
not have been originator novelties, but kept abreast the 
times and was successful. His memory will long cherished with 
affection and increasing veneration.” 


paper, entitled The Antecedents the Septic Tank,” Leon- 
ard Metcalf, Assoc. Am. Soc. E., was presented the author, 
and illustrated with the stereopticon. 

The paper was discussed Messrs. Snow, Rudolph Hering, 
James Owen and the author. 

Mr. Yeiji Nakajimi, Chief Engineer the City Tokyo, Japan, 
gave brief description the Tokyo water-works. 

The Secretary announced the death elected 
Junior September 6th, 1876; Member May 7th, 1879; died August 29th, 
1901. 

The Secretary announced that since the last meeting, when ap- 
peal was made those who had not voted the matter the appoint- 
‘ment Special Committee Rail Sections, votes have been 
received, and, under the requirements the Constitution, there are 
still needed votes before the ballot can counted. All Corporate 
Members who have not voted are urged so, order that some 
decision may reached this matter, which is, the opinion 
many our members, vital importance. 


Adjourned. 
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October 2d, 1901.—The meeting was called order 8.45 
President James Croes the chair; Charles Warren Hunt, Sec- 
retary, and present, also, members and guests. 

The minutes the meeting September 4th, 1901, were approved 
printed the Proceedings for September, 1901. 

chanical Installation the Modern Office Building,” was presented 
the Secretary. The paper was discussed Messrs. Bolton and 
Trotter. 


Ballots were canvassed and the following candidates were declared 
elected: 


MEMBERS. 


Frank Baxter, Springville, Utah. 

Oscar St. Paul, Minn. 

New Orleans, La. 
Crocker, Denver, Colo. 
New York City. 

Harris, Rolla, Mo. 

Henry Toronto, Ont., Canada. 

New Orleans, La. 
ANDREWS Santiago Cuba, Cuba. 

CHRISTOPHER Henry Honolulu, Hawaiian Islands. 
Lewis New York City. 

Henry West Superior, Wis. 
Chicago, 


MEMBERS. 


CLARENCE Morton Ayres, Tidewater, Ala. 

WHITFIELD Manchester, England. 

Youne Pencoyd, Pa. 

JOHN Boston, Mass. 

CHRISTOPHER Lexington, Ky. 
Rosert Garrett, St. Louis, Mo. 
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The Secretary announced the election the following candidates 
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ALEXANDER Detroit, Mich. 

Curtis St. Louis, Mo. 

Frank Marston, Bangor, Me. 
JoHN Vera Cruz, Mexico. 
Shawenegan Falls, Que., Canada. 
STEELE Chihuahua, Mexico. 
APPLETON New York City. 
JOSEPH ANDREWS SARGENT, Havana, Cuba. 
ALBERT Henry Toledo, Ohio. 
ALEXANDER Topp, Greenville, Miss. 
Tower, Millinocket, Me. 
Pittsburg, Pa. 


ASSOCIATES. 


JUNIORS. 


New York City. 

Epwin Everett, Mass. 
JONATHAN YaTES New York City. 
THompson, Mobile, Ala. 
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The Secretary read the list nominees presented the Nominat- 
ing Committee for the offices filled the next Annual Meeting. 

The Secretary reported that, the matter the appointment 
Special Committee Rail Sections, 604 votes have been received, 
and that, under the provisions the Constitution, necessary that 
least additional votes sent before the ballot can can- 
vassed. 

The Secretary read letter from Thomas Monro, Inst. E., 
late Deep Waterways Commissioner for Canada, relating the Cana- 
dian canals, and forwarding ten copies profile the canals for 
distribution. 


Adjourned. 


October 16th, 1901.—The meeting was called order 8.45 
President James Croes the chair; Charles Warren Hunt, Secre- 
tary; and present, also, members and guests. 

paper Edward Murphy, Assoc. Am. E., entitled 
Meter and Weir Discharge Comparisons,” was presented 
the Secretary, who also read communication the subject from 
Charles Miller, Am. Soc. 

The paper was discussed orally Messrs. Rudolph Hering and 
Morris Sherrerd. 

The Secretary announced the death 
elected Member February 3d, 1897; died October 14th, 1901. 

The Secretary announced that ballots are still necessary before 
the vote the appointment the Proposed Committee Rail Sec- 
tions can counted. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


October 1901, 8.15 M.—President Croes the Chair; 
Charles Warren Hunt, Secretary; and present, also, Messrs. Bensel, 
Briggs, Endicott, Haines, Hering, Kuichling, Morison, Seaman, 
Turner and Whinery. 

list nominees for the offices filled January 15th, 1902, 
received from the Nominating Committee, was presented. 

recommendation, from the Special Committee appointed for the 
purpose, recommending that the next Annual Convention held 
Washington, C., was received. action was taken, inasmuch 
the Committee was not prepared recommend definite date, but 


stated that such report would made the next meeting the 
Board. 


See page 220. 
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The following resolution was adopted: 


the death Mr. George Austin Quinlan, the profes- 
sion Civil Engineering has lost active and successful practitioner, 
the American Society Civil Engineers valued Member, and thé 
Board Direction much respected associate; 

Resolved, That the Board wishes give expression its appre- 
ciation the high personal and professional character Mr. Quin- 
lan, and its deep sorrow over the loss one its members; and 
desires tender the sincere sympathy its members his family; 

Resolved, That copy this resolution spread upon the min- 
utes, and transmitted the family the deceased.” 

Milton Grosvenor Howe, Am. Soc. E., was appointed fill 
the vacancy caused the death the late George Austin Quinlan. 

The following rule was adopted: 


member any class whose connection with the Society ceases 
through his own act neglect act, and who again enters the So- 
ciety, shall recorded the List Members the date his new 
connection with the Society. 

his retirement from the Society, failure act time pre- 
vent such retirement, due cause over which had control, 
special action must taken the Board Direction before can 
allowed transfer. 

The Board considers the practice the Secretary, giving early 
notice Juniors the need applying for higher grade ample 
time before their thirtieth birthday, sufficient prevent complaint 
case they not act accordance with his suggestion. 


Action was taken authorizing the Library Committee bind 100 
volumes periodicals. 


Applications were considered, and other routine business trans- 
acted. 


Three candidates for Associate and sixteen for Junior were 
elected.* 


Adjourned. 


See page 216. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, November 6th, 1901.—8.30 for mem- 
bership will canvassed, and, previously announced, paper 
Rockenbach, Assoc. Am. Soc. E., entitled The Water-Works 
Guantanamo, (printed the September, 1901, Proceedings), 
will presented for discussion. 

this meeting, also, Adams, Assoc. Inst. E., will dis- 
cuss Bacterial Sewage Disposal Practiced England, illustrating 
his remarks with original lantern slides. The Manchester, York, 
Leeds, and other experiments; Mr. Dibdin’s Barking experiments, and 
the works Sutton, Hampton, Exeter, and other places, under the 
Contact System; the installations Salford, Accrington, York, Hen- 
don, etc., under the Continuous System, will described. 


Wednesday, November 1901.—8.30 m.—At this meeting, 
George Barton, Esq., entitled Graphical Method 
for the Solution Stresses the Continuous Girder, Applied 
Draw-Bridges,” will presented for discussion. 

This paper printed this number Proceedings. 


ADDITIONAL PAPERS AND NOTES. 


George Rafter, Am. Soc. E., published this number 
Proceedings, and the papers and Easy Methods forCom- 
puting Probable Errors,” Fuertes, Am. Soc. E., and 
the August, 1901, number. 

The publication these three communications opens new field 
for the Society Publications, the intention being provide means 
disseminating information matters interest the profession 
somewhat more informal manner than the only form heretofore 
use. 

the present time all communications have been formally set 
down for presentation to, and oral discussion at, meeting the 
Society, and has been thought that there are many valuable experi- 
ences, experiments, successes, and possibly failures, occurring every- 
day practice, which members would not consider sufficient magnitude 
warrant formal papers, but which, opportunity were offered, they 
would glad record some form for the benefit others. 
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Such papers notes are therefore earnestly solicited. They will 
published subject written discussion, and will subsequently appear 
the volumes Transactions. Should any member desire, the dis- 
cussion any such communication may called any meeting 
the Society. 


LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL MEETING, JANUARY I5TH, 1902. 


The following list nominees for the offices filled the 
Annual Meeting, January 15th, 1902, received from the Nominating 
Committee, was presented the Board Direction its meeting 
October 1st, 1901, and announced the meeting the Society 
October The list has already been mailed all Corporate 
Members: 

For President, serve one year. 


St. Louis, Mo. 


For serve two years. 


New York City. 


For Treasurer, serve one year. 
Knap, New York City. 


For Directors, serve three years. 


New York City, representing District No. 
New York City, representing District No. 
New York City, representing District No. 
Boston, Mass., representing District No. 
Van Amsterdam, Y., representing District No. 
James San Francisco, Cal., representing District No. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(September 12th October 9th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articies, which can referred 
anu available engineering can procured addressing 
the publication directly, the address and price being given wherever 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


each journal this list. 


Assoc. Eng. Soc., 257 
urth St., Philadelphia, Pa., 
Philadel Pa. 
(3) Franklin nst., Philadel- 
(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. Mon- 
treal, Que., Can. 
(6) School Mines Columbia 
Tech., Boston, Mass., 
(8) Stevens Indicator, Stevens 
Institute, Hoboken, J., 50c. 
(9) Engineering Magazine, New York 
City, 


(10) Magazine, New York City, 


New York City, 

News Co., New Yor 

(13) News, New York City, 


(14) The Record, New York 
(15) Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 
(17) Street Railway Journal, New York 
City, 35c. 


Ys 
(18) Railway and Engineering Review, 
hicago, 
York 
(20) Iron Age, New York City, 10c. 
(21) Engineer, London, Eng- 


Iron and Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gaslight Journal, New 
York City, 10c. 

New York City, 


(a6) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New England Water-Works 
Assoc., Boston, 75c. 
(29) Arts, London, 
Eng 


(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
seis, Belgium. 

(32) Memoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines. Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

Revue Mecanique, Paris, France. 

38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


Railway Age, Chicago, 10c. 

41) Modern Machinery ,Chicago, 

42) Transactions, Am. Elec. Eng., 
New York 

(43) des Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Island, New York 
Harbor, 75c. 

and Minerals, Scranton, Pa., 


(46) American, New York City, 
(47) Mechanical Engineer, Manchester 


(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg 

(59) Transactions, Mining Institute 
Scotland, and Newcastle- 
upon- 

olis, Ind., 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City, 10c. 
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LIST ARTICLES. 

Bridge. 

The Bridge Structures. Joseph Husband, Assoc. Inst. 
(63) Vol. 

Well-Sinking the Bridge, Bengal-Nagpur Railway. Graves William Eves, 
Assoc. Inst. (63) Vol. 

The Bridges over the Orissa Rivers the East Coast Extension the Bengal-Nagpur 
Railway. William Thomas Clifford Beckett, (63) Vol. cxlv. 


Four-Track Two-Truss Swing Chicago Indiana R.* (13) Sept. 12. 

Development the Rolling Lift Bridge. Sept. 13. 

The Railway Bridge Across the Rhine Worms.* (14) Sept. 14. 


Cantilever Bridge over Tygart’s River near Fairmont, Va.* 
13) Sept 


The Red River Bridge Alexandria, La.* (15) Sept 
Erection the New East River Bridge Sept. 21. 
Concrete Three-Hinged Arch Bridge near Oviedo, Spain.* (13) Sept. 


the Stresses Hinged Arched Ribs.* Charles Lean, (12) 


Rolling Lift Bridges.* Waldon Sept. 28. 
Mill Creek Bridge, Cincinnati.* (14) Sept. 


Electrical. 


The Generation and Transmission Electric Energy and Coal Pit Centres.* 
Thwaite. (26) Serial beginning Mar. ending Sept. 
Polyphase Factories. Wyld. (26) Serial beginning Aug. 30, ending 


Dangers from Trolley Wires and their 
British Polyphase (26) Sept 


‘Testing Electrical Machinery. Gisbert Kapp. (11) (26) 18; 


‘of Luminous Fountain Developments.* Luther Stieringer. (27) Sept. 


Large Generators.* (26) 

Three-Phase Colliery Insta lation.* (26) Sept. 27. 

The Cooper-Hewitt Vapor Lamp.* (27) Sept. 

Destruction Gas Pipes Means Electricity. Leybold. (24) Sept. 30. 
Electric Power Jajce, Bosnia.* John Kershaw. (10) Oct. 

Parallel Operation Alternators. Charles Scott. (10) Oct. 

Some Notes Electric Light and Power Distribution. Daniel Mead. (60) Oct. 
Electric Hoists the Comstock.* Leon Hall. Oct. 

The Standardization Apparatus. J.T. Broderick. 


(9) Oct. 
Line Construction the Bay Counties Power Co.* Dutcher. (13) 


Some Suggestions High-Tension Switching.* R.S. Masson. (13) Oct 
oole. (13 ct. 
The 142-Mile Electric Power Plant the Bay Counties Power Co., Cali- 
The Power House and the Metropolitan Street Railway, New 
York.* (27) Oct. 


Mining Company’s Electric Plant, Snake River, Idaho.* (46) 


Electrical Glass Furnace.* (46) Oct. 

The No. (46) Oct. 

Automobile Storage Batteries.* (27) Oct. 

Magneto Drop toa Central Battery System.* (27) 


Tangential Traction Electric Railway System.* Oct. 

Notes the Metropolitan Street Railway Power Plants.* Starrett. (17) Oct. 

The Electrical Distribution System the Street Company, New 
York.* Walter Pearson. (17) Oct. 

System the Brooklyn Rapid Transit Company.* 

Electric Train ‘ot the General Electric Co.* (17) Oct. 
Large British Generators.* (17) Oct. 


Sept. 13. 
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Traction Electrique sur Ligne des Invalides Versailles; Usine Génératrice des 
Moulineaux.* Drouin. (33) Sept. 14. 
Essais Convertisseurs Synchrones Asynchrones. (33) Sept. 21. 


Marine. 


The Displacement and Dimensions Ships. Normand. (11) Sept. 
Submarine Boats. Trevor Dawson. (47) Sept. 

The New Atlantic Liner Kronprinz Wilhelm.* (46) Sept. 14. 

The Steamboat Equipment Warships. (11) Sept. 20. 

The Welin Boat-Lowering Gear.* (12) Sept. 27. 

Foreign Competition Shipping and Ship 27. 

Etude Propulsion Hydraulique: Théorie tique. archand Bey. (37) Aug. 


Mechanical. 


The Rotatory Process Cement Manufacture. William Harry Stanger, 
and Bertram Blount, Assoc. Inst. (63) Vol. 
Some Work the Development Motor-Car.* (47) Serial begin- 
ning Aug. 24, ending Sept. 
Trials Steam Turbines for Driving Dynamos. Parsons. (11) Sept. 
Some Experiences and Results Derived from the Use Highly Superheated Steam 
Engines. (11) Sept. (12) Sept. 13; (13) 
Utilisation Power from Blast-Furnace Gases. B.H. Thwaite. (22) 
ept. 
Efficiency Test Continuous Rod Mill.* (20) Sept. 12; (22) Sept. 
The Loomis Water-Gas and Producer-Gas Process.* (13) Sept. 12. 
Test New Morgan Continuous Mill.* Sept. 12. 
Machine, Glasgow University. Hartley Wicksteed. (12) Sept. 
(11) Sept. 20. 
The Carron Iron Company’s Works and Operations.* (22) Sept. 13. 
The Manufacture Marine Engines. William Thomson. (11) Sept. 13. 
The Economical Production Diluting Gases. (24) Sept. 16. 
New Trench Excavating Machine.* (13) Sept. 19. 
the Escape Steam through Orifices. Rateau. (13) Sept. 19; (11) 
ept. 27. 
Drive Marine Engine Works.* James Crighton and Riddell. 
11) Sept. 20. 
The Whitehead Works Fiume.* (11) Sept. 20. 
Cooling Cylinders Internal Combustion Engines. Prof. (11) Sept. 20. 
Cableways for Handling Iron Ore.* Waldon Fawcett. (62) Sept. 26. 
The Waste-Heat Auxiliary Engine.* (62) Sept. 26. 
Bleaching Plant the Glasgow Exhibition.* (11) Sept. 27. 
The Mechanical Stoker.* (47) Sept. 2.8 
Mond Gas Producer Plant.* (16) Sept. 28. 
Inclined Retort Carbonizing Plants. Walter Ralph Herring. (24) 
ept. 30. 
Boring and Turning Mill.* (41) Oct. 
The Lea Grinder.* (41) Oct. 
Superheated Steam. (41) Oct. 
The Horse Power Gas Engines. (41) Oct. 
Line Shafting. Dixon. (41) Oct. 
The Working Economy the Steam Boiler. Charles Arthur Hague. Oct. 
Laundry Machinery; Some Recent British Designs.* James Couper. (10) Oct. 
The Battle the Egbert Watson. (20) Oct. 
Testing Steam Boilers. Dixon. (62) Oct. 
The Mechanical Plant the Cornell College, New York.* (14) Oct. 
Use Blast Furnace Gas Explosion Motors.* (19) Oct. 
Comparative Review the Steam Plants Three Large Electric Traction Main Stations 
New York City.* William Kent. (17) Oct. 
System Gas Manufacture Its Purification. Chas. Carpen- 
er. (24) Oct. 
Supplement Théorie des Freins Hydrauliques. Vallier. (37) Aug. 
Les Chaudiéres Lagosse.* (36) Aug. 25. 
Les Machines Vapeurs (33) Sept. 14. 
Gazogéne Combustion Renversée: Systéme (33) Sept. 14. 
Metallurgical. 
The Correct Treatment Steel. Risdale. (22) Sept. 
Gun Metals. Percy Longmuir. (47) Sept. 
Machine Cast Pig Iron. (20) Sept. 12. 
The Waring System Magnetic Concentration.* (16) Sept. 14. 


q 
, 
) 
* 
ig 
2%, {= 


224 CURRENT TECHNICAL LITERATURE. [Society 


Metallurgical—(Continued). 


Hydraulic Power the Manufacture Iron and Steel.* (47) Sept. 14. 

The Works and Operations Messrs. Bolckow, Vaughan Limited.* ept. 20. 

New Water-Cooled Blast-Furnace Bosh. Axel Sahlin, Am. Soc. (13 Sept. 26. 

The Development the By-Product Coking Industry.* William Gilbert Irw: Oct. 

The Cementation Steel and Iron with Gas.* Bildt. (20) 

Milling Practice Idaho Springs, Colo. Foster Bain. (16) Oct. 

Investigation the Spectra Flames Different Periods during the Basic Besse- 
mer Blow. W.N. Hartley and Hugh Ramage. (16) Oct. 

Military. 


Blind Shells. (12) Sept. 13. 
Mining. 


Working Coal Seams Modern Inclination New South Wales. Ralph Hawtrey. (45) 
Serial beginning Sept., ending Oct. 


The Crown Mountain Gold Mine and Mill, Georgia.* Maxwell. (16) Sept. 


Prospecting and Mining the Galena-J oplin District.* Crane. (16) 


Oil Well Boring.* (24) Sept 
(22) 

Dredging for New Zealand.* Raymond Payne. (16) 

The Copper Mines Ashio, Japan.* Edwin Adams, Jr. (9) 

Colliery Engineering Progress: Early History Tunneling and the Applica- 
tion Compressed Air Power for Running Them. Perey. (45) Oct. 

Prospecting for Oil Colorado.* Arthur Lakes. 


(45 
The Tunnel Bunker Hill and Sullivan Idaho.* Ulysses Hough. 


Accidents Coal Mines Pennsylvania. (45) Oct 

The Keystone Hydraulic Mine (16) Oct. 


Miscellaneous. 


The Iron, Steel and Kindred Exhibits the Exhibition.* Sept. 
Glasgow Engineering Congress and International Exhibition.* (22) Sept. 


The Newer New York: Some Its Noteworthy Engineering Problems.* George 
Clark. (10) Oct. 


L’Exposition Glasgow.* Léon Guillet. (33 Sept. 21. 
Travaux d’Embellissement Ville Vienne (Autriche).* René 
Philippe. (33) Sept. 
from the Macadam Pavements Albion, Halbert Powers Gillette. 
13) Sept. 1 
Development Traffic. Sept. 20. 


The Cost and Durability Brick Ithaca. Crandall. (60) Oct. 
Recent Experiences with Wood Pavements. (14) Oct. 


Railroad. 


Light Railways James Albert Wells Peacock. (63) Vol. cxlv. 

The Nilgiri Mountain Railway. Walter James Weightman, (63) Vol cxlv. 

Points and Crossings Laid the Curves Tangential the Switches. Francis John 
Inst. E., and Robert Cary Henslow Barnard, Assoc. Inst. 

Vol. 

Four-Cylinder Compound (Webb’s System) Alfred the Great Class Express Engines, 
London and North Western Railway.* (21) Sept. 

Low-Pressure Pneumatic System Working Signals.* (21) Sept. 

Express Passenger Engines Class,” Great Western Railway.* (21) Sept. 

New Coal Locomotive.* (12) Sept. 

The Economy Electricity Mative Railways Present Driven Steam. 
Professor Carus-Wilson. (11) Sept 

The Proposed Tunnel between Ireland. James Barton. (11) Sept. 

Mechanical Stoker for Locomotives.* (47) Sept. 

Report Track Elevation Cincinnati, (13) Sept. 12. 

The Construction the Benton Cut the Great Railway, Montana. Geo. 
Herrold. (13) 12. 

The Cost Running Trains High Speed. Crawford. (13) Sept. 

15) Sep 
Lap Sidings the Cleveland Pittsburgh. Loree. (15) Sept 
New Shops Hannibal, Mo.—Hannibal St. Joseph Railroad.* Gs) 18. 
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Railroad—(Continued). 


The Struggle for the Line from Salt Lake Los and San Diego. (15) Sept. 13. 
Sudan Government Military Railways. Macauley. (11) Sept. 

Australian W.C Kernot. (11) Sept. 13. 
The Pennsylvania Railroad Train-Shed Camden. (14) 
Modern Freight House, Wisconsin Central Ry.* (18) Sept 
Modern Practice Railway Signaling. Timmis. (47) 


Atlantic Type Passenger Locomotives—Chicago, Milwaukee Paul Ry.* (15) Sept. 20. 
Fire Risks Railroads. (15) Sept. 20. 


New Convertible Hopper and Gondola 15) Sept 
Ballast Car Company’s New Convertible Gondola Car.* (40) Sept. 


Locomotive, Northern Pacific Ry.* (18) Sept. 21. 

The Car Coupler Problem. Sept. 27. 

Engine House Facilities and Methods. Sept. 27. 

The Present Position American Thos. Woodlock. (15) Sept. 27. 

Uganda Railway. (47) Sept. 14; Sept. 27. 

The Meridional Rift the Uganda ailway.* (11) Sept. 27. 

Some Particulars the the ompound Locomotive the Buenos Aires 
Great Southern Railway.* (11) Sept. 27. 

Royal Trains Canada.* (40) Sept. 27. 

Drummond’s Spark Arrester, Sout -Western Railway.* (12) Sept. 27. 

The Simplon Tunnel.* (12) Sept. 27. 

Third-Rail Interurban Railways. Maurice Sept. 28. 

Some Recent Block Signal (27) 

(18) Sept. 

German Suspension Railway.* Ronald Oct. 

Interurban Railway Franchises Indiana. (60) 

American Locomotives Europe. Dean Oct. 

The Vauclain Compound Locomotive. (39) Oct. 

Up-To-Date Roundhouse, Lake Shore Michigan Southern.* 

Coal Cars, 100 000 Pounds Capacity, Louisville Railway.* 


(25 
Compound Type Passenger Locomotive, Chicago, Mil- 
waukee St. Paul Railway.* (25) 


Dryer and Bin for Sand, Chicago, Milwaukee St. Paul 
ilway 

Gears Use the Indicator, Plant System Railways.* 
(2 

Consolidation Freight Locomotive.* (25) 

Some Suggestions Specifications for Rails.* Kenney. (13) Oct. 

Brook’s Ten-Wheel Passenger Locomotives for the New Railways.* (15) Oct. 

The New Pennsylvania Station (40) Oct. 

New Zealand Locomotive.* (40) 

The Sprague Trains.* (19) Oct. 

Maintenance Automatic Electric Block Signals. Balliet. 

Trestle and Bridge Approaches.* Emile Low, Am. (18) 

des Chemins Fer Daniel Bellet. (36) Aug. 25. 

Les Locomotives Anglaises 1900.* Raymon (38) Sept. 

Rendement des Locomotives. Nadal. (38) Sept. 

Railroad, Street. 


Glasgow Electric Tramways.* (26) Serial beginning Aug. 30, ending Sept. 20. 
Brakes for Electric Street Surface Cars. Charles Barnes. (17) Sept. 14. 
Schenectad (17) Sept. 28. 

The Rapid-Transit Problem London. Sprague. (9) Oct. 


Some Electric Railway Sicily: the Palermo-Rocca-Monreale Tramway.* 
Enrico Bignami. (10) 


The Brill New Semi- Convertible Car.* (39) 

The Trolley the Bronx Region.* Edward (17) Oct. 

Some Railway Problems Brooklyn.* (17) Oct. 
The Rolling Stock Greater New York.* Eugene Chamberlin. 

the Metropolitan Street Railway, New York.* omas 


The New York Rapid Transit Subway.* (17) Oct. 
Some Recent the Brill Company (Cars).* (17) 


omparison Cable, Electric and Horse Traction New York City. (17) 


The New Régime the Stephenson Works (Street Cars).* 
Traffic Conditions New York City.* Frank Ford. (17) 
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Railroad, Street—(Continued). 


The Upbuilding the Metropolitan Organization.* H.H. Vreeland. (17) Oct. 


Trans Transfer Problems with Special Relation New York. Oren Root, Jr. 
(17) 


Fer Electrique Berthoud. Mauguin. (38) Sep 
Chasse-Corps Mobile Déclenchement pour Tramways.* Ch. (33) Sept. 


Sanitary. 


Sewage Disposal Intermittent Filtration the Infirmary near 

The Garbage Reduction Plant Boston, Mass.* (14) Sept. 14. 

Ventilating and Heating St. Mark’s Church, Baltimore.* Sept. 14. 


The Management Septic Tanks and Bacterial Contact Beds. Gilbert Fowler. (13) 
Sept. 19; (60) Oct. 


Heating and Ventilating the Glasgow Art Galleries.* (12) Sept. 20. 


and Heating the Merchants’ Loan and Trust Building, Chicago.* (14) 


The Zuider Zee (drainage).* (12) Sept. 27. 

The Walworth Steel Sewer Tunnel, 28. 

Refuse Disposal the District (14) 

The Decarie Garbage Crematory Minneapolis. (14) 

Plumbing the Connecticut Mutual Life Building, Hartford.* (14) Oct. 


Structural. 


The Internal Strains and Steel and Their Bearing upon Fracture. Arthur 
Wingham. (22) Sept. 

Test Steel- Vault-Light Slab.* (13) Sept. 

Report the Board Engineers, A., the Properties Hydraulic 
Cement. (13) Sept. 12. 

Testing Hydraulic Cements. Serial beginning 14, ending Sept. 21. 

The Power House the Bristol Railway.* (14) Sept. 

The Foundations for the New York Stock Sept. 

Water-Tight Caisson Foundations for the New York Stock Exchange.* (13) Sept. 26. 

The New 000-Bushel Steel Grain Elevator for the Great Northern Ry., West Supe- 
rior, Wis.* (13) Sept. 26. 

The Ferric Structures from Corrosion. Wood, Am. Soc. 

13) 
The Foundations for the New York Stock Sept. 27. 
Remodelling Steel Roof Trusses.* (14) 


Caisson Foundations the York Stock Exchange Building.* (14) 


Sept 
The Industrial Nickel Steel.* Charles Edouard Guillaume. (9) Oct. 
Concrete for Buildings.* (60) Oct. 


The Advance Concrete Construction.* (20) 

Steel Coal Storage Pockets.* H.G. Tyrrell. (15) Oct. 

The New Plant the Alpha Portland Cement Company Alpha, (14) Oct. 
The Boys’ Industrial School Lancaster, O.* (14) Oct. 

Les Magasins Russie.* Espitallier. (33) Sept. 21. 


Water Supply. 


The Pitot Tube: Its Formula.* William Monroe White. (1) Aug. 

Eels Water-Works and their Control. George Field. (28) Sept. 

The Apportionment Charges for Private Fire Protection, and Means Control- 
ing the Supply for such Service. (28) Sept. 


Water-Works Statistics for the Year Form Adopted the New England 
Water-Works Association. (28) Sep 


Irrigation the Nile Valley and Its Willcocks. (11) Sept. Sept. 13; 
(13) Sept. 26. 


Tests Tangential Water Motors.* (47) Sept. 

Open and Closed Service Reservoirs. (14) Sept. 

The Croton Dam for the Water Supply New City.* (46) Sept. 21. 

The Work Sanitary the Metropolitan Locke, 
Assoc. Am. Soc. (14) Sept. 28. 

Standard Water Ana ysis. Sept. 28. 

The Power Station Hagneck, Switzerland.* 


ept. 28. 
Water Powers the Mass., United Light Company.* Alton 
Adams. (27) Sept. 


Driven Wells for Purposes. John Spencer. (60) Oct. 
-Forbes Method and Apparatus for and Heating Liquids. 


Oct. 
St. Louis Water-Works—Distribution Ben. Adkins. (60) Oct. 


The Pumping Station the South Works Illinois Steel (20) Oct. 
The Water-Works System the Pan-American City.* (19) 
The Plant the Lehigh Power Company Raubsville, Oct. 
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Waterways. 


Some Effects Land Floods Tidal River. Cyrus John Richard Williams, 
Assoc. Inst. (63) Vol. 

The Paris Navigation Congress 1900; Recent Works the Lower Seine; Harbour 
Works Havre, and Zeebrugge, and Improvements Effected the French 
Lighthouse Service. Leveson Francis Vernon-Harcourt. (63) Vol. 

Repairing Leaking Cofferdam; and Pile Driving Methods the Leech Lake Storage 
Reservoir, Minn. W.C. Weeks. (13) Sept. 19. 

the Lower Mississippi River. Ockerson. (11) Sept. 13; (13) 

ept. 19. 


the Clyde Estuary. and Stevenson, Members, Inst. 
11) Sept. 13. 


Recent Improvements the Lighting and Buoying the Coasts France.* Baron 
uinette Rochemont. (11) Sept. 20. 
Works for Improving the Bilbao River and Making Outer Harbour, also the Applica- 


tion Large Caissons Breakwater Foundation.* Sefior Don Evaristo 
Churruca. (11) Sept. 


des des (36) Aug. 25. 
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ACCESSIONS. THE LIBRARY. 


DONATIONS.* 


(From September 12th October 9th, 1901.) 


ELECTRIC LIGHTING. 


Practical Exposition the Art, for the Use Engineers, Students 
and Others Interested the Installation Operation Electrical 
Plants. Distributing System and Lamps. Francis 


Crocker. Cloth, illus. New York, Van Nostrand Com- 
pany, 1901. 


The preface states that the present volume covers all parts electric lighting 
systems outside the generating plants (to which the first volume was devoted), The 
properties conductors and various systems electrical distribution, including direct 
current, well single and polyphase currents, occupy the first half the book. 
Overhead and underground conductors are next discussed and then arc lamps are treated 
considerable detail. Interior wiring, incandescent and other forms lamps, and, 
finally, electric meters, are given considerable attention. appendix contains the 
National Electrical Code and another the Report the Committee Standardization 
the American Institute Electrical Engineers. The work intended textbook 
for engineering schools and handbook for practicing engineers. 


PRACTICAL ELECTRO-CHEMISTRY. 


pp., New York, The Macmillan Company, 1901. shillings, 
net. 


has been the author’s intention writing this book give account those 
electro-chemical which have been already, are likely be, turned indus- 
trial use. The relation between the output process and the energy necessary 
for that output has been dealt with somewhat fully, and like manner the practical 
advantages gained the use electro-chemical methods certain 
been indicated. are: Introduction—General Principles; Winning and Refin- 
ing metals Electrolytic Means Aqueous Solution; Winning and Refining Metals 
Igneous Solution; Winning and Metals and their Alloys the Electric Fur- 
nace—Carbides, Borides and Silicides; Electro-Deposition; Alkali, Chlorine and their 


Products; Electrolytic Manufacture Organic Compounds and Fine Chemicals; Power. 
There index six pages. 


STEAM ENGINEERING. 


Treatise Boilers, Steam, Gas and Oil Engines, and Supple- 
mentary Machinery, with Instructions for Carrying out Numerous 
Simple Experiments Adapted for the Use Elementary Students 
Technical Schools and Science Classes. Pullen, Inst. 
E., Assoc. Inst. Cloth, ins., 344 pp., illus. Man- 
chester, The Scientific Publishing Co. shillings, net. 


the preface the author states that his experience organizing laboratory and lec- 
ture classes steam engineering has impressed upon him the need textbook which 
should include the principal experimental work, together with the requisite descriptive 
matter, worked-out examples and home-work problems for junior elementary 
course. The present volume attempt meet this want. The Contents are: Intro- 
duction; Engines; The Boiler; Measurement Pressure, Work and Power; Measure- 


ment Heat; Auxiliary Machinery; The Indicator and Valve Motion; Examples and 
Exercises. There index four pages. 


otherwise specified, books this list have been donated the Library 
the Publisher. 
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THE GAS-ENGINE HANDBOOK. 


Manual Useful Information for the Designer and the Engineer. 
Roberts, Third Edition. Revised and Enlarged. 
Leather, Cincinnati, The Gas Engine Publishing 
Co., 1901. 


The author states that while does not hope cover the entire subject gas 
engine design, has endeavored place upon the pages this work sufficient 
number rules and formulas enable any intelligent draftsman design without 
difficulty Many the formulas are new; they have been derived for the 
most part from tables dimensions American-built engines, and have been used 
the author making his own designs. There index seven pages. 


BROWN’S DIRECTORY AMERICAN GAS COMPANIES. 


Gas Statistics. Compiled and corrected Brown. Cloth, 
10x ins., 202 pp. New York, Press Progressive Age, 1901. 


This annual publication containing list gas companies the United States 
and Canada, and, places where there electrical department, the main facts relat- 
ing thereto are also given. Acetylene and gasoline town plants are included, and there 
isa list the officers and members the gas associations the United States. 
appendix gives the standards adopted the various and books 
for gas men. 


RECOLLECTIONS CIVIL ENGINEER. 


Experiences New York, Iowa, Nebraska, Dakota, Mis- 
souri, Minnesota and Colorado. D.H. Ainsworth. Boards, 
192 pp. Newton, Iowa, 1901. (Donated the Author.) 


this book Mr. Ainsworth has detailed the events his early life, his and 
college days, and has described the various canal and railroad works which has 
been engaged during long and busy life. 


MILL BUILDING CONSTRUCTION. 


The Engineering News Publishing Co., 1901. $1.00. 
The Headings Chapters are: Loads; General Design; Design Structural Details. 


LINEAR DRAWING AND LETTERING FOR BEGINNERS. 


pp., Palo Alto, California, Published the Author, 
1901. $1.00. 


The headings chapters are: Instruments and Materials; Course Linear Draw- 
ing; Course Lettering; Introduction Drafting. 


This accompanied Blank-Book for Lettering used with Linear Draw- 
ing and Price, cents. 


The following gifts have also been received. 


Alaska Treadwell Gold Mining Co. Maine 
Am. Inst. Min. Engrs. bound vol. Marstrand, 
Am. Manufacturer and Iron World. Matthes, Gerard pam. 


pam. Central Hudson River R.Co. 
Argentine Republic—Ministerio Obras 


Barcelona. vol. North, Edward bound vol., vol., 
Atlantic Coast Line Co. pam. pam. 
Canada Deep Waterways Comm. map. North-Eastern pam. 
Canadian Inst. vol. Richardson, Clifford. 
Chicago Great Western Ry. Co. pam. Royal Soc. Canada. bound vol. 
Dyckerhoff und vol. Corps Engrs. bound vol. 
Escuela Ingenieros Lima. vol. Office Naval Intelligence. vol. 


Inst. Civ, Engrs, bound vol, pam, 
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BY. PURCHASE. 


Polyphase Electric Currents and Alternate Current Motors. 
Sylvanus Thompson. Second Edition, Enlarged. New York, Spon 
Chamberlain, 1900. 


History North Atlantic Steam Navigation. With Some Account 
Early Ships and Ship-Owners. HenryFry. New York, Charles 
Scribner’s Sons, 1896. 


Compressed Air. Information upon Air-Compression and 
the Transmission and Application Compressed Air. Frank 
Richards. New York, John Wiley Sons, 1901. 


The Chemistry Gas Manufacture. Practical Handbook the 
Production, and Testing Illuminating Gas, and the 
Assay the Bye-Products Gas Manufacture. Atkinson 
Butterfield. London, Charles Griffin Co., Ltd., 1898. 


‘Pumping Machinery. Practical Handbook relating the Con- 
struction and Management Steam and Power Pumping Machines. 
William Barr. Philadelphia, Lippincott Co., 1900. 


Steam Boiler Economy. Treatise the Theory and Practice 
Fuel Economy the Operation Steam-Boilers. William Kent. 
New York, John Wiley Sons, 1901. 


Hand-Book Metallurgy. Carl Schnabel. Translated 
Henry Louis. Vol. Copper, Lead, Silver, Gold; Vol. Cad- 
mium, Mercury, Bismuth, Tin, Antimony, Arsenic, Nickel, Cobalt, 
Platinum, Aluminum. The Macmillan Co., 1898. 


Text-Book Field Fieberger. New York, 
John Wiley Sons, 1901. 


Treatise Highway Construction. Designed Text-Book and 
Work Reference for all who may Engaged the Location, Con- 
stru ion, Maintenance Roads, Streets and Pavements. 
Austin Byrne. Fourth Edition, Revised and Enlarged. New York, 
John Wiley Sons, 1900. 


Iron Corrosion. Anti-Fouling and Anti-Corrosive Paints. 
Louis Edgar Andes. Translated from the German Charles Salter. 
New York, Van Nostrand Co., 1900. 


Mechanics Engineering. Comprising Statics and Dynamics 
Solids; the Mechanics the Materials Construction, Strength 
and Elasticity Beams, Columns, Shafts, Arches, etc.; and the Prin- 
ciples Hydraulics and Pneumatics, with Applications. New York, 
John Wiley Sons, 1900. 
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Text-Book Mechanical Drawing and Elementary Machine Design. 
John Reid and David Reid. New York, John Wiley Sons, 1901. 


Tidal Rivers. Their Hydraulics, Improvement, Navigation. 
Wheeler. London, Longmans, Green Co., 1893. 


Summary Accessions 
September 12th October 9th, 1901. 
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MEMBERSHIP, 


ADDITIONS. 


MEMBERS. 


SAMUEL, 
Supt. Motive Power, St. Louis and Suburban Ry. Co., 
Prof. Civ. Eng., School Mines and Metallurgy, Univ. 
Frank 
Special Eng. Levee Work; Care, Board State Engi- 


neers, Cotton Exchange Bldg., New Orleans, 
Konpo, Jun. 
Eng., Home Dept., Tokyo, Japan....... 
Asst. Eng., Sault Ste. Marie, Mich................ 


Care, American Bridge Co., 711 Empire Bldg., Pittsburg, 


Henry CLEMENT, 
Div. Eng., Central Div., R., Media, Pa.... 
CHARLES, 
2010 Terrace Park Ave., St. Paul, Minn................. 
STEPHEN WESTROPP, 
Lewis 
Cons. Elec. Eng., Park Row Bldg., New York City 
Care, Grattan Jennings, Foot Main St., Buffalo, 
Henry 
Asst. Eng., 1809 Hughitt Ave., West Superior, Wis. 
Secy. and Eng., Kenwood Bridge Co., 4740 Lake Ave., Chi- 


ASSOCIATE MEMBERS. 
Youne, 


235 Rochelle Ave., Wissahickon, Philadelphia, 


Jun 
City Hall, St. Louis, 


[Society 
Date 

Membership. 
1901 
Oct. 1901 
Oct. 1901 
Oct. 1901 
Oct. 1888 
June 1901 
Sept. 1901 
Sept. 1901 
Oct. 1901 
Sept. 1901 
May 1896 
Sept. 1901 
Oct. 1901 
Oct. 1901 
Oct. 1901 
Oct. 1901 
Oct. 1901 
Jan. 1898 
Oct. 1901 


MEMBERSHIP—ADDITIONS. 


Date 


Prin. Asst. Eng., Dept. Eastern Cuba, Santiago 
JEROME, 
Asst. Prof. Civ. Eng., Harvard Univ., 100 Avon Hill 


JAMES 
Prof. Civ. Eng., Univ. Ark., Fayetteville, Ark...... Oct. 


Frank LEONARD, 
Hammond St., Bangor, 
Eng. Geol. Survey, Asst. Hydrographer 
ALLEN APPLETON, 
Res. Eng., Rapid Transit Subway Constr. Co., 1913 
Amsterdam Ave., New York City Oct. 
Jun. Eng., Engrs. Office (Res., 299 Brackett St.), 


Assoc. Jan. 31, 
Prof. Civ. Eng., Univ. Texas, Oct. 


JAMES 
Prin. Asst. Eng., Great Northern Paper Co., Millinocket, 


VENABLE, Mayo, 


Asst. Eng., Natl. Contracting Co., 710 Hennen Bldg., New 
Asst. Eng. Chg. Bridge Constr., Dept. Public 


ASSOCIATES. 


Prof. Applied Mechanics and Hydraulics, Cornell 
Vice-Pres., Packard Co., 130 Pearl St., New York 


JUNIORS. 


West 73d St., New York Sept. 
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1901 


1901 
1901 


1901 


1901 


1901 


1901 
1893 
1895 
1901 


1901 


1901 


1901 


1901 


1901 


1901 


1901 


1901 
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Date 


Office, Chf. Eng., R., Louisville, Ky......... Sept. 1901 
CHARLES SUMNER, 

Myers, JOHN, 

Care, Water Dept., Atlantic City, Oct. 1901 

Eng. Chg. Constr., United Verde Pacific Ry. Co., 

WHELPLEY, 

800 East Capitol St., Washington, Oct. 1901 

CHANGES ADDRESS. 
MEMBERS. 

AMBROSE, WILLIAM CREELMAN..... Res. Engr., Co., Fresno, Cal. 
West 20th St., New York City. 


manding Engr. School, Battalion 
Engrs., and Post Washington Bar- 
racks, Washington, 


Bowman, Austin Broadway, Room 220, New York City. 
Greenville, Mercer Co., Pa. 
Morton Asst. Mgr., Erection Dept., Am. Bridge Co., 


cor. and Butler Sts., Pittsburg, Pa. 
Hocking Spahr Bldg., Columbus, 


Ohio. 

CHARLES GOBRECHT..... 625 Walnut St., Philadelphia, Pa. 

Navahoe St., Chestnut Hill, Philadel- 
phia, Pa. 

Epwin, Broadway, New York City (Res., 161 Wil- 

loughby Ave., Brooklyn), 

Engrs.’ Office, 1637 Indiana Ave., Chicago, 

Harrison Easton, Pa. 

William St., New York City. 

Pres., Am. Bridge Co., 6329 Bur- 
bridge St., Germantown, Pa. 

Francis Pres., Duluth Iron Range R., Duluth, 
Minn. 


Engrs.’ Office, St. Paul, Minn. 
2937 Olive St., St. Louis, Mo, 
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Chf. Engr., Ore and Coal Handling Ma- 
chinery Dept., The Webster, Camp 
Lane Machine Co., 523 Garfield Bldg., 
Cleveland, Ohio. 

CHARLES MAPLES....... ... Berlin, Conn. 

DUNBAR........ Holland Hotel, Scranton, Pa. 

Res. Eng., State Canals, State 
Hall, Albany, 


Mason, ARTHUR Monroe Ave., Chicago, 

James ALEXANDER.......906 Security Bldg., Chicago, IIl. 

346 Prince Arthur St., Montreal, Que., 
Canada. 


Trask, Frank Douglas Bldg., Los Angeles, Cul. 
CLAUDE ALLEN Windom, University Ave., Minnea- 
polis, Minn. 


Van JoHN Broadway, Room 220, New York City. 
von Isaac WAYNE.......... Hotel Sanz, City Mexico, Mexico. 
WATERHOUSE, JOHN Broadway, Room 220, New York City. 
Asst. Prof. Civ. Eng., Tulare Univ., New 


Orleans. La. 


ASSOCIATE MEMBERS. 


190 Convent Ave., New York City. 
Ernest ..Prof. Civ. Eng., and Bursar, Univ. 
New Brunswick, Fredericton, B., 


Canada. 

Asst. Engr., Bureau Surveys, 4215 Chest- 
nut St., Philadelphia, Pa. 

Cory, Harry ...Care, Styner, Gen. Supt., Mex. Cent. 
Ry., City Mexico, Mexico. 

...... Apartado 221, Monterey, Mexico. 

Evans, 143 Melvin St., Cleveland, Ohio. 

Hanna, JOHN VENABLE ........... Asst. Chf. Eng., St. 
North Side Office, Springfield, Mo. 

water, London, W., England. 

.........- Sydney Hotel, Sydney, Canada. 

McCrea, ALEXANDER....... Supt., Cincinnati Div., Pennsylvania Lines, 
Cor Pearl and Butler Sts., Cincinnati, 
Ohio. 

Martin, James WILLIAM...... ....Greenwich, 


SHELLENBERGER, Lerpy 215 Righter St., Wissahickon, Philadelphia, 
Pa. 
ALFRED WALTON ....... Box 994, Johannesburg, South 
Africa. 
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AUGUSTUS... 


ARTHUR VAUGHAN..... 


ALEXANDER... 


Guy WHITMORE 


HERBERT...... 
Macy, 


Asst. Eng., Ist Div., Rapid Transit 


Comm., Astor New York City (Res., 
Park Ave., Jamaica, Y.). 


Engr., Bureau Surveys, Dept. 


Public Works, Belmont Filter Plant, Ford 
Road and Belmont Ave., Philadelphia, 
Pa. 


..U. Asst. Fngr., Kingman, Ala. 
Monadnock Block, Chicago, 
ASSOCIATES. 
...516 Reading Terminal, Philadelphia, Pa. 
JUNIORS. 
209, Electrical Bldg., Cleveland, 
Ohio. 
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GRAPHICAL METHOD FOR THE SOLUTION 
STRESSES THE CONTINUOUS GIRDER, 
APPLIED 


PRESENTED 20TH, 1901. 


few years ago graphical method for the solution the continu- 
ous girder was brought the writer’s notice Grimm, 
Am. Soc. The method simple and comprehensive, and yet 
seems almost entirely unknown American engineers—although 
used German designers—that the writer has felt almost duty 
bring the attention his countrymen. 

course, the only use for the solution the continuous girder 
this country designing draw-bridges, and, while this method 


may made give moments and shears for any kind 


and with constant variable moment inertia, for truss span, 
where the moment inertia would not used, but each individual 
member treated itself, all this would complicate the explana- 
tion such degree that would entirely out place anywhere 
except textbook, and the writer believes that the whole discus- 
sion given Professor Miiller, Breslau. 


sent mail the Secretary. Discussion, either oral written, will published 
subsequently. 


| SS 
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this country, draw-bridge work, generally assumed that 
the bridge has constant moment inertia throughout. 

The formulas, also, are based the assumption that the bridge, 
whether truss girder, beam, and will deflect like beam, 


before mentioned, the following method might made give 
the moments and shears directly from the diagram; but the reactions 
are once found for any given loading very simple matter find 
the resulting moments and shears analytically, and this case 


4 
d Py 4 W 
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easier and quicker. For this reason the following graphical method 
will simply means find graphically the reactions which may 
result from any system loading that may applied the structure. 

This method simple that bridge may easily designed 
under system moving wheel loads, and makes difference 
whether not the arms the structure are the same length. 

The writer thinks the foregoing conditions loading and 
unequal arms, designed the ordinary analytical methods used 
this country, would give most designers very tiresome task, and 
they would never feel certain that they had not made some mistake 
their figures. 

Some the advantages gained using the following method 
may briefly stated 

One diagram, without any change, will sufficient for all bridges 
with equal arms, matter what the system loading what length 
the arms may be. 

All the results being scaled from the diagram, the designer has 
picture before him, and his results may checked few moments 
with absolute certainty that correct. 

The method will given first and the explanation afterward. 

Assume the case bridge with unequal arms 

Fig. let and the lengths the two arms. Draw 
triangle, the altitude which any height, and the vertex 
which, above the intermediate support, Now assume that 
this triangle constitutes loading beam the length which 
Then draw equilibrium polygon, using the 
system loading represented the triangle BC. This triangle 
may divided into any convenient number equal unequal parts 
Let the areas these strips called P,, etc., and the 
lines action the loads vertically through their center gravity. 

The load line laid off making equal these 
areas. The pole distance may any length, and the equilibrium 

course, the narrower the strips, the more accurate will the 
work; but care should taken construct line which not 
too long; also, for the same reason, the altitude should not 

assumed too great. 

all the strips are made the same width, their areas will 


q 
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proportional the length their middle ordinates, and these can 
used represent the loads well the actual areas the strips. 

Fig. 2). Now, there are loads and the bridge 


evident that all loads spans and tend increase R,; but 
those tend increase and decrease shown the negative 
ordinate that is, the ordinates between the curve and the 
line show the uplifting effect due the loads span 

The application the diagram consists placing the loads the 
bridge give the maximum moments, shears, the case may 
be, and scaling the ordinates under the loads. Suppose was wanted, 
for any system loads both spans. 


Measure, with any scale, each ordinate for loads span under 
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each particular load, and multiply the ordinate the load, add 
together all these products for span z,; then scale each ordinate for 
the loads span z,, under each particular load, and multiply the ordi- 
nate the load; add together all these products for span and sub- 
tract them from the sum the products for span z,; divide the re- 
mainder and the result will R,. 

After the reactions have been found very easy matter get 
the resulting moments and shears. 


Fie. 


For Span over Four Supports.—In Fig. and known, 
comparatively simple matter find and analytically. 
Although and might found graphically, the method rather 
complicated and will not given. 

order find construct equilibrium polygon from the load- 
ing the altitude being any convenient height, then 
construct another equilibrium polygon from the loading 
making pass through and 

Suppose required pass equilibrium polygon through 
Band (Fig. off the load line, making 


. 
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Take any point, for pole, and construct the equilibrium 
polygon starting any one the given points. Now, 
the required polygon must pass through drawn parallel 
the resultant the forces acting the beam, the same reactions 
for the beam will result, whether supported and 
These reactions, therefore, can found drawing the closing 
line and, from drawing parallel Then the re- 


actions and will and but these are also the reactions 
and is, therefore, evident that the pole the force polygon 
Now, through draw parallel the resultant and P,; then 
the reactions and are the same those and for beam 


/ 
- 
~ 
= ‘ 
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the reaction but these are also the reactions and 
therefore, evident that the pole the force polygon must lie some- 
already been shown that must somewhere and, there- 
fore, must lie the intersection Kand This now gives 
the location the pole force polygon which will produce 
equilibrium polygon passing through and 

Suppose the loads and are the span, then due 

these loads, would 
that is, all loads the left tend decrease shown the 
negative ordinates m,, while the loads the right tend increase 
shown the positive ordinates and ms. 

find draw another equilibrium polygon passing 
and the loading being the triangle C,, and proceed for 

Having found and R,, may obtained taking the 
moments about 

The explanation the foregoing method due primarily two 
facts. 

the load and the load moved then the deflection 
will (see Fig. 5). This 
may easily tested means 
the equation the elastic 
line, or, the equation the 
elastic line derived primarily 
from the equation the bending moment, might stated that 
then the these points will also alike. 


moment equals which identical with the first moment. 


Therefore the are equal. 


7 
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The second fact that, the deflection curve has been drawn, 
will then possible find the intermediate reaction for any system 
loading. 


cause straight line; other words, take the deflec- 
tion out the beam then would have equal Pa, but 


and, with load and the 


beam, would equal 


order find R,, take the moment about and divide 


but 


Substitute this for R,, above, and 


44 
3 
S 
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also, 


but = aq’ 


substituting these above, 


and 


may found similar manner. 

the span over four supports (see Fig. 3), the polygon Cis 
the polygon for unity and represents this 
deflection; now suppose load placed just large enough 
cause the beam deflect up, until the upward deflection the 
and between and 


This might explained different manner: 
With the loads P,, and the beam, would have 
Subtracting Equation (A) from Equation (B) 


. 


Center 
Gravity 
Ly 
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Thus seen that the deflection curve could drawn 
exaggerated scale, that the ordinates could easily scaled, 
would simple matter get the reactions for continuous girder. 

The problem now becomes: construct, graphically, curve 
which will true deflection curve. has been found that this 
may drawn equilibrium polygon, with loading shown 
Fig. which the vertex the triangle over the point appli- 
cation the force. 

The moment any point, distance R,, for this 
loading, will 


Also, the moment point distant from R,, will 


Zz 


Substitute this the above equation, 


therefore 


that Equations (1) and (2) become identical with the equations the 
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elastic line for beam long, loaded with load distance 
from the left end. 
ratios, only, are used the graphical methods ‘previously 


described, will seen that may made any length; but when 


made equal the equilibrium polygon becomes the true 


deflection curve. 


The writer offers the following set formulas for calculating the 
reactions continuous girders. They are entirely different from 
those common use, but give the same results. They are simply 
analytical expression for the preceding graphical method, and the 
writer thinks they are more easily applied. analytical discussion 
out place this paper, but the formulas are given because they 
are new and seem possess some advantage over the old ones use. 


Starting with Equation (1), which the value (a, 


* 
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the case uniform loads covering all part the span, 
with different load each arm, evident that the areas will 


Similarly, 
x. 
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required between the elastic curve and the closing line (see Fig. 9). 
Starting with Equation (1), and letting unity, 


— 1 2 3 


=== 


Fie. 
Multiply both sides the equation then the lyda= 


area bounded the curve and the closing line B,; therefore, 


1 
: 1 ; 
But these ordinates, y,, must multiplied P,, Equation (17) 
2 


4 
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or, 


(24) 

(27) 
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The writer has not been able find any mention this subject 
any the textbooks use this country. Professor Eddy, 
his book, ‘‘Researches Graphical Statics,” states the underlying 
principles this method very clearly; but seems have neglected 
carry them out the manner given this paper. gives 
graphical discussion the continuous girder, but the method used 
does not seem simple that given here. Professor Burr, his 
book, acknowledges his indebtedness for the follow- 
ing statements, which the writer thinks are very important, and which 
feels sure will some day responsible for much simpler method 
calculating indeterminate structures, especially arches, than 
use the present time. 

The statements are: 

denote the total shearing stress any section, any 
applied load external force, the bending moment any section, 


and the deflection found above, then the six general equations 
flexure are: 


(1) 
(2) Pa; 
uM, 
(4) ET? 
(5) 
the beam originally straight and parallel the axis 
seen from Equations (2) and (5) that the same 


struction, will represented the place 
equilibrium polygon constructed for any 
span, taking loads, instead the vertical ordinates 


the polygon will represent the deflections the sections denoted 
the corresponding values 


the triangle will represent the moments the beam for 
this loading, and, therefore, the equilibrium polygon would 
now become the deflection polygon. 
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The writer was convinced that this was true, some time before 
was able find stated anywhere. arrived his conclusions, 
however, different manner. The general equation the elastic 


moments for some system loading, then 


shear the loading 
which would produce 
the deflection curve 
Now, suppose 
M,, that is, suppose 
this shear curve 


moment curve for some 


other system loading, 
10. 


Fig. represents graphically the foregoing explanation. 


The shear for the loading (the curve 


representing not shown), now suppose moment curve 


load and that equals the moment from the load 
other words, the moment curve for the load Taking 


Equation 


th = 2 — 


q 
at 
= 
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may then stated that, general, equilibrium polygon 
drawn with system loading represented the moment curve for 
any particular loading, the equilibrium polygon becomes the deflec- 

tion curve for that particular loading. 
The writer wishes call attention 
the fact that this true only when 
the whole system equilibrium. 


As, for example, cantilever beam 
there must introduced moment 
loading represented the influence line for the load 

this paper the writer has given much which probably already 
well known most engineers, but hopes that some new ideas may 
suggested which will lead more advanced work this line. 


11. 
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NOTE THE CONSOLIDATION MORTAR.* 


The writer, his paper, the Theory has cited 
data showing the consolidation concrete under ramming, and 
recently, correspondent has called his attention the fact that, 
aside from single statement Professor Ira Baker, page 
the Ninth Edition his Masonry Construction,” 
there information American engineering literature the 
consolidation mortar under ramming. 

looking over his note books, the writer has found record 
the tests given the accompanying table, and these throw some light 
this subject. 

The cements used were the same asin the concrete tests, referred 
toin the paper the Theory Concrete.” Details tensile 
strength, etc., may found the writer’s Report 

The table herewith presented self-explanatory that remains 
merely point out the reason for the variations the percentage 
consolidation under ramming, which, for dry mortar made from 


Empire, Iron-Clad and Champion cements, ranges from 0.9 10.9%, 


will not presented for discussion any meeting, but its discussion 
may called any time, and written communications the subject are invited 
for presentation the Society and for subsequent publication. 


Transactions, Am. Soc. E., Vol. 104. 
the Report the State Engineer and Surveyor New York, for 1897. 
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The writer’s view that the amount consolidation under ram- 
ming governed chiefly the thoroughness the mixing. When, 
the case Iron-Clad mortar, the accompanying table, 
there consolidation 10.9%, probably nothing said except 
that the mixing was indifferently done. 


The plastic mortars show the effect greater lubrication mixing, 
and, consequently, less consolidation under ramming. 

The practical value these data, enabling one approximate 
more closely the quantity mortar ingredients required for given 
volume masonry, obvious that does not require discussion. 
may stated, however, that this series tests hardly extensive 
enough fully settle the general question consolidation mortar. 
For the present, therefore, they are cited rough guide boards; with 
the hope that someone may able carry out more extended series. 

The cost making such tests, when the details are thoroughly 
thought out beforehand, not great that should deter engi- 
neer charge works any magnitude. many cases, small 
amount money, judiciously expended studying technical con- 
ditions, will result better work for given expenditure. 


| 


cubic foot 
cubic 


Consistency 
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DESCRIPTION COOS BAY, OREGON, AND THE 
IMPROVEMENT ITS ENTRANCE 
THE GOVERNMENT. 


Discussion.* 


Coos Bay straight jetty built the lee side the entrance and 
connected with the shore. The jetty Aransas Pass, which 

has been made two the discussions, has trace which 
and reverse” curve, built the windward side 
the entrance, and detached from the shore. 

The first example the ‘‘single jetty system; the second 

The writer offers few remarks these entirely different systems. 

few preliminary remarks littoral drift, and the effect 
groins and jetties upon it, may conduce clearness. 

Littoral tidal currents, littoral storm currents, and 
waves are the causes littoral drift. states that, the 
English Coasts, the direction littoral drift coincides with the littoral 
direction the flood tidal current. states that, general, 

the currents that affect sea-works are those which owe their origin 


Continued from September, 1901, Proceedings. See April, 1901, Proceedings, for 
paper this subject William Harts, Am. Soc. 


The movement sand wind, above the water line, will not touched on. 


and Practice Harbor Construction.” 
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the tides. Along the coasts Georgia and Florida there north- 
ward littoral current during flood tide, and southward current during 
ebb, due the direction which the tidal wave enters the great bay 
lying the westward line joining Hatteras and Canaveral. But 
these currents are slight velocity, and are easily checked and even 
reversed strong storm winds. The tidal littoral currents the 
Pacific coast are likewise slight velocity. Whatever, then, may 
the effect littoral tidal currents littoral drift, coasts such 
the English and Belgian, where such currents are strong, they have 
little effect the transport material along the South Atlantic 
and Pacific Coasts. The conditions here are similar those which 
obtain the coasts tideless seas, that is, the littoral drift observed 
due solely the wind. 

strong wind blowing obliquely shore produces littoral 
current and surf more less heavy. The littoral current due 
the heaping the water the lee shore. The waves break and 
run obliquely, while the receding water flows down the beach 
line nearly perpendicular the shore. The effect this zigzag 
motion the breaking waves current which times great 


velocity, strong enough often sweep bathers off their feet. This 


General Gillmore’s The drift the water leeward 
the extreme inner edge the broken waves too well known 
need remark. The waves, from the shore out depth depending 
their size, stir the material from the bottom and keep suspen- 
sion, and moves along with the current above mentioned. 
coasts the discoloration the water, due this suspended material, 
distinctly observable. Within wide zone, the movement mate- 
rial due the littoral current; near shore caused the surf 
current, while along the edge the water directly the 
broken waves. Doubtless, also, the surf current often strong 
enough roll material along the bottom well carry 
suspension. cross-section right angles the shore the mate- 
rial motion varies from maximum close shore zero the limit 
wave disturbance. 

the South Atlantic Coast there well-defined resultant drift 
the south, due the fact that the prevailing storm winds are from 
the northeast, but plain that this coast, with its regular shore 
line and its unlimited supply sand, the littoral storm current and 
the travel material are from south north southerly winds. 
Similarly other coasts. 

Humboldt Bay, Cal., there said well-defined resultant 
drift, the movement the south during the summer about counter- 
balancing that the north during the winter. 


The mere outline the transporting action the waves and what 


called the “littoral storm taken mostly from Engineering for 
1893. 


i 
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places where there preponderance movement one direc- Mr. McKinstry. 
tion—the usual case—single jetties would placed and shaped suit 
the storm conditions. Where the travel the two directions 
approaches equality, the conditions cannot met single jetty. 

conceivable that the resultant drift may not always coincide 
with the direction the strongest storm winds, for the amount 
drift depends the quantity material available for movement and 
the obstruction movement that may offered the configura- 
tion the shore, well the strength the storm winds. Coos 

The waves are generally considered the most active agent 
the movement material, including the term waves” the surf 
current, or, Shield describes it, the ‘‘run, set along the shore, 
resulting from wave 

Groins.—An inevitable effect building groin shore along 
which there movement material advance the foreshore 
its windward side. Whether there will also deposit the 
lee angle depends many circumstances, as, for example, the 
strength the winds that would tend cause littoral current the 
opposite direction that the prevailing drift, the depth 
water into which the groin extends, and the velocity the littoral 
storm current past the end. There has been enormous deposit 
the lee angle the lee jetty the St. Johns, and other South 
Atlantic harbors. There may cutting away instead deposit, 
the groin short but nevertheless extends into deep water and 
swift currents. 

believed some that not the most severe storms that 
cause deposits the weather angle; that such times these deposits 
are cut away, the accompanying high tide and heavy surf producing 
powerful scouring undercurrents. 

Another effect groins that they deflect the littoral current 
into direction parallel, nearly so, themselves, the 
currents causing and erosions” along the piers, and carrying 
sand raised beyond the pier-heads. There the currents 
diverted intersect those travelling past the harbour, and thus give rise 
dead-water and deposits the entrance the 


acceleration tidal currents” (also littoral storm 
currents) that resulting from capes headlands ponding back the 


good deal misconception exists about littoral currents, and they are not suffi- 
ciently distinguished from the run, set, shore, resulting from wave action, 
from temporary currents set the wind. ere doubt that imaginary littoral 
currents are often credited with the transport material along shore, the movement 
which almost wholly attributable wave action. not wish understood 
that those currents, where they exist, not, under certain conditions, play import- 
ant part the transport material coast; but, cases which their 
velocity considerable, will found that they insignificant part compared 
with wave action, which believe the chief agent work the movement 
beach Principles and Practice Harbor Construction.” 

DeMay. 
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water. such points the main body water seaward is, its 
inertia, slow giveway tothese irregularities coast line, 
the result being that the passage transfer the inshore water from 
one side the promontory the other 

Ymuiden, Shield goes say, the building the mile-long 
piers increased the current from its original velocity along that coast— 
knots—to from knots past the harbor mouth. That the 
jetties our coasts, ranging length they from miles, 
produce similar effects not doubted. fact, this current 
that scours holes” ahead advancing jetty and requires 
long lengths foundation put ahead the main work. 

Giving jetty convex curve windward facilitates the passage 
this current and diminishes the disturbance caused the meeting 
the main portion the littoral current with the deflected portion. 
fact, the jetty given the proper shape and extended into water 
sufficiently deep, the danger the deposits spoken DeMay can 
greatly reduced, not entirely done away with. 

The same results can accomplished some degree with straight 
jetty making the windward angle obtuse. 

The Single Windward earliest description the concave 
windward jetty that the writer aware contained Mr. 
Brookes’ Says Wheeler, Tidal Rivers 

Brookes also contended that training tidal river there 
advantage giving preponderating direction the stream one 
side the channel rendering slightly concave. this means 
contends that greater depth will maintained the channel 
low water than straight channel; that, training work carried out 
sandy estuaries, single concave training wall frequently 
found sufficient maintain the channel one course; and that piers 
the mouths rivers should always effect their junction with the sea 
concave pier the windward side, which means the outer divi- 
sion convex side the pier would shelter the interior the channel 
from the prevailing gales, and prevent the range the waves running 
along the face the pier.” 

Elsewhere, Tidal the theory the action the single 
windward jetty thus explained: 

where they discharge into the sea, the direction not only the flood 
and ebb tides and the prevailing winds must considered, but also 
the amount material that transported along the coast, and the 
direction from which comes. some cases where there much 
littoral drift, especially shingle, the outfalls have been driven con- 
siderably leeward. such cases Nature appears indicate that 
the water should directed into the sea curved channel having 
its convex side presented the direction from which the material 
travelling, and that the training should designed that may 
extended further out seawards the shore grows with the accumu- 
lated material one stream joins another, the best 


Shield. 
the Navigation Tidal Rivers,” 1841. 
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direction for the junction the tributary gentle curve tangen- Mr. McKinstry. 
tial the main stream. rule were applicable tidal channels 
entering the sea, the outfall should curved channel leading 
the direction the main set the flood tide* along the coast. 
rivers, successful, should never terminate shallow 
water. Where training walls have not been carried out into 
sufficiently deep water, their effect has been short-lived. Acting asa 
groyne stop the travel the littoral drift, this has rapidly accumu- 
lated the back, and then found its way round the end mouth 
the river, forming shoals bar. pier reaches the level 
deep water, the sand shingle kept continual agitation 
the effect gales and the tidal currents, and either drifted past the 
entrance out into the deeper part There are 
cases where single curved wall, running out from the shore line, has 
been sufficient maintain channel the direction required. Such 
wall placed the windward side thechannel, and pre- 
senting its convex side the line drift, carried sufficiently far 
out into deep water, will give under favorable circumstances 
manent direction the flow water, and afford protection the 
entrance from the prevailing gales. The jetty, acting groyne, will 
first collect the littoral drift the angle between the pier and the 
shore, but after this filled up, the direction given the convex form 
the outer end the jetty will carry the drift 
into the deep-water currents. The flood tide,” (read ‘‘littoral storm 
working round the end the pier-head into the channel, 
does the case the natural Spurn Point the Humber, 
will tend maintain that point deep water, and prevent the deposit 
the littoral drift and the formation bar. The ebb current run- 
ning along the concave side the jetty will maintain the deepest 
water along that side the channel, the flood tide setting also along 
the line uniform and deep channel may thus 
maintained. the line direction well chosen with regard 
existing circumstances, single wall will therefore sufficient 
maintain channel uniform direction and preserve deep water. 
There are several examples where single walls thus carried out have 
been 


Certain the matters brought out this extract deserve more 
particular mention: 

single windward jetty will often sufficient fix 
entrance channel.” 

This the contention Professor Haupt, with respect the reac- 
tion break water. 

that the Aransas Pass jetty was adjusted, with refer- 
ence the axis discharge, receive the same but, 
clearly pointed out Captain Gillette the Report Brunswick 
Bar,t the axis discharge owes its position the Nelson jetty. When 
work began Charleston the main channel was parallel the coast, 


adapt this conditions United States harbors, for tide” read 
toral storm 


Transactions, Am. Soc. E., Vol. xlii, 492. 
House Ex. Doc., No. 855, 56th Cong., Sess. 
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and the bar its outer end was miles from the harbor entrance. Let 
one attempt adjust reaction breakwater these conditions. 
placed the bar and adjusted the axis the main channel, 
would have some miles long prevent the channel from 
breaking out northward it. adjusted the axis one the 
minor channels, only small portion the ebb and flow would 
controlled. Similarly, with Brookes jetty. The necessity lee 
directing jetty connection with the concave windward (Brookes) 
jetty, proposed Professor Haupt for the improvement the South- 
west Pass, also plainly shown Captain Gillette’s report. 

fact, order that the concave jetty may the work expected 
it, there must something the lee side the entrance, either 
natural bank the proper shape else jetty, direct the current 
into the concavity the windward jetty. 

Accordingly, existing cases, these supplementary jetties are found 
vary from short jetties, like the Nelson jetty Aransas Pass and the 
Arenas mole Bilbao, jetties perhaps half long the main 
jetties, like the south jetty the Malamocco entrance. 

Swinemunde example complete reversal this arrange- 
ment, for there the longer main jetty the lee side the entrance 
and the windward jetty convex instead concave the channel. 

Strictly speaking, the Aransas Pass improvement not single- 
jetty improvement, spite the claims its designers. infer- 
able from Mr. Ripley’s words* that regards the Malamocco entrance 
existence the south jetty that place; must mean deny 
all share the improvement effected. 

advantageous present convex curve the direction 
drift. This has been mentioned under the heading 
the same time, concave bank thus afforded the currents 
the entrance channel. 

notable departure from these principles the recently proposed 
extension, concave windward, the jetty the mouth the 
Columbia River. There local reason why the existing jetty that 
place was built concave. 

3.—It advantageous direct the ebb current into the littoral 
the issuing current merge with the current past the jetty end with 
minimum disturbance, thus promoting the dissipation deep water 
the material carried both currents. 

absolutely necessary carry the jetty out depth 
which the waves are powerless stir the bottom. This needs 
comment. 


had seen the results properly located, the Malamocco 
the Harbor Venice. Proceedings, Am. Soc. E., for August, 


J 
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5.—After the weather angle has filled up, ‘‘the direction given Mr. McKinstry. 
the convex form the outer end the jetty will carry the drift 
beyond the entrance and into the deep-water currents.” 

may interesting investigate what extent this last opinion 
shared other writers and borne out experience. 

Malamocco, Vernon-Harcourt says: 


The checking the littoral current has reduced the depths 
the northern side; but this diminution does not extend beyond depths 
between and ft., has not hitherto affected the pass.” 

also says: 


true that all these places (Sunderland, Ymuiden, Dublin, 
Charleston), advance the shore has occurred; but its progress 
seems have ceased Ymuiden and Sunderland, very gradual 
Dublin, and will probably prove equally other instances. 
Even Port Said, which was feared might imperilled the allu- 
vial drift from the delta the Nile, and which undoubtedly exposed 
turbid current from the west, the advance the western foreshore 
has become very slight.” 


The following taken from Shield’s Principles and Practice 
Harbor Construction,” page 285: 


They (the waves) also heap drift materials against obstacles, 
such piers, etc., which run across the shore along which the drift 
travels; but when such piers extend into deep water, considerable 
time often elapses before the drift material—as distinguished from that 
held suspension—finds its way into the harbor, because the corners 
which the piers form with the coast constitute traps for it. As, how- 
ever, these fill up, advance the foreshore takes place, and the 
material finds its way out and round the pier-heads. Should these 
occupy salient position, and extend well into the tide-way (for our 
harbors, read storm current’) the current past them will scour 
much this away, and enable the depth water the entrance 
more easily maintained than under other conditions. Neverthe- 
less, current passing entrance often expands into the harbor 
and creates eddies, means which some the drift material 
almost sure carried in, and deposited under the lee the piers. 
Total immunity from dredging can therefore scarcely expected. 

order combat the advance foreshores, jetties are often 
extended but such prolongations, unaided dredging, are 
generally found little permanent benefit, inasmuch each 
extension the pier causes corresponding advance shore. The 
rate such advance depends upon the physical conditions peculiar 
each site, and especially upon the quantity sand motion. This 
varies greatly different localities—hence, while the extensions the 
jetties such ports Calais and Dunkirk have failed produce the 
desired results, the prolongation those Port Said has been more 
successful; much so, indeed, that has been estimated will take 
three centuries for the foreshore Port Said advance the end 
the piers, assuming its present rate accumulation maintained. 

order keep open the Ymuiden harbor, has been found 
necessary dredge, average, about 650 000 cu. yds. sand per 
annum, average cost about £22 000. 

expenditure this can only met very large 
traffic, and there can doubt that, but for this, Ymuiden harbor 
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would ere now have ranked amongst the failures harbors sandy 

Wheeler illustrates his opinion the following, relating Lowes- 
toft: 


contemplated run out jetties into the sea the 
mouth tidal river order remove shoal bar, the risk the 
gradual growth the shore-line seawards until progresses far out 
the pier has considered. Thus for the protection the 
harbour Lowestoft, situated the flat shore the East Coast, piers 
were built out from the shore-line. The windward pier, that 
side from which the drift came, acted groyne, causing the sand 
and shingle accumulate the back and extend considerable 
ing its way round the end the north pier into the harbour, necessitat- 
ing constant dredging maintain the depth. north-east gales 
bar also forms across the entrance, interfering with the navigation. 
this case the jetty does not extend sufficiently far out prevent the 
shingle travelling round the end, make the velocity the littoral 
current sufficient carry past the pier-heads. The accumulation 
shingle having now extended out from the shore past the piers, there 
always hand constant supply material for the littoral current 
carry into the harbour. This could prevented arresting the 
travel the shingle groyne carried out from the Ness, which 
projects from the coast-line about three-quarters mile the north 
the harbour entrance, and which eould extended from time 
time the material accumulated the 


sum up: The system under consideration may expected not 
cause dangerous advance the foreshore when conditions are 
favorable, e., when the entrance not the bight shallow bay, 
when the jetties (especially the weather jetty) are built out into deep 
water, and their ends are swept strong cross-current. 


For, such case,” apply our case what Vernon-Harcourt 
says converging-breakwater harbors, ‘‘sand does not come 
through the entrance, waves not stir sand deep water; the 
current round the extremity assists maintaining the depth; and 
owing the depth which the advancing foreshore has fill and 
the projection from the shore which has assume, may take 
long period reaching the end the breakwater opposed the 
littoral drift, previously attain position 


applying this any other system any given place, the possi- 
bility would naturally kept mind that bar might form beyond 
the entrance; and the location the jetty and the curve given its 
outer end would such not preclude its extension. late 
years, however, dredging sea-going suction dredges has proved 


itself the best and cheapest method maintaining entrances. 


DeMay says, the actual removal dredges the deposits which form 
before entrances has shown them much less volume than was 
formerly thought. 


This deposit mud, and brought into the harbor the flood tide, and not 
advance the foreshore around the jetty ends. There outer bar. 
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beginning work under any given system jetty improvement, Mr. McKinstry. 
channel something like the required depth and width may may 
not lie the position selected for the final channel. does not, 
the amount material moved form the desired channel may 
very large, and moves slowly seaward under the influence 
the advancing jetties, may When orce the jetties have 
been completed and the desired channel has been produced either 
scour dredging, expected that sand deposited the channel 
combination unfavorable circumstances will picked up, the 
return normal circumstances, carried sea and dispersed. But 
while the jetties are process construction, the effect steadily 
adding their height and steadily lessening the distance between 
them, increase the current between them one that just strong 
enough scour. (This assumes that the required channel not formed 
dredging, and that the flow through other channels more less 
throttled the jetties.) The transporting power the current be- 
tween the jetties is, course, very small, and will deposited 
upon the slightest diminution velocity, that is, will deposited 
just beyond the jetty ends, wherever they happen the moment. 
The ultimate result that much the sand that occupied the locus 
the desired channel has been shifted from its original position 
one just beyond the jetty ends, their final position. The tendency 
for the material deposit prolongation the channel will decrease 
the jetties are extended, for the current past the jetty ends will in- 
crease the jetties grow longer, and will deflect the sand-laden issu- 
ing current leeward. The above possible cause the formation 
bars independent the system jetty improvement adopted, and 
indicates that many cases may advisable dredge while the 
jetties are advancing. There doubt the writer’s mind that the 
present bars Charleston and the St. Johns were largely formed 
this way, for both places the quantity sand scoured out form 
the present channels was enormous, and the depth beyond the jetty 
ends comparatively slight. Doubtless, however, both cases, con- 
siderable the sand the present bars came over the low places 
the weather jetties. 
digress moment, one cannot fail notice, the strictures 
passed the Charleston improvement, lack fairness, least 
absence broad-minded consideration the peculiarly unfavora- 
ble conditions surrounding that work. The place possesses about 
every drawback that can mentioned: situated the bight 
bay, the rise and fall the tide not great, the quantity sand 
moving along the coast enormous, the water off the entrance 
shoal, and the slope the ocean floor very flat. The improvement 
was begun more than years ago, the yearly appropriations for 
have been less than the total estimated cost, and time enough 
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has elapsed show the effect the work done. What magnificent 
field for wise display 

Compare the conditions depth Coos Bay and Charleston. 
the former place, when the improvement was begun, there was 
depth ft. the distance mile from the harbor throat; 
Charleston this depth was found miles off the entrance. Again, 
where the Coos Bay jetty now ends there was depth ft., and the 
channel depth obtained was Charleston, where the jetties 
now end there was only ft., while ft. was the channel 
depth desired. The above-mentioned unfavorable conditions, leaving 
long, low place the weather jetty close its inner end, and not 
resorting earlier dredging, are the causes the present outer bar 
Charleston—a bar which the current issuing from between the present 
the work sea-going suction dredges. 

From now on, dredging must cut larger figure all such improve- 
ments than has the past. should decided rely 
jetties alone maintain, not speak producing, 21-ft. channel 
Charleston, the inner ends both jetties would have built 
about high-water level, and both jetties would have 
extended out to, and probably beyond, the crest the bar—not the 
bar to-day, but the bar any more remote position that might 
assume during the work the jetties. Even this might fail pro- 
duce the desired result. Now, can shown that the interest 
the cost this work greater than the cost maintaining the 
desired channel dredging, dredging evidently the method 
maintenance adopted. 

Similarly, the case new work, dredging alone may afford 
cheaper method improvement than jetty work alone jetty work 
supplemented dredging. This, for example, was the conclusion 
recently arrived for Brunswick Bar. 

The reaction breakwater” Professor Haupt particular case 
the single windward jetty, being high windward jetty, detached 
from the shore and having trace which compound and 
curve. 

Professor Haupt wishes clear distinction made between the reac- 
tion breakwater and any single jetty rooted the shore; for says*: 

Again, attempted compare single jetty projecting from 


the shore with the reaction breakwater which purposely wholly 
detached 


Detachment from the shore, and the fact that the inner portion 
the reaction breakwater convex the channel, are the two points 
difference between that structure and the Brookes concave wind- 
ward jetty. But the inner ends many weather jetties this country 


Transactions, Am. Soc. E., Vol. xlii, 580. 
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are convex the channel: Witness, Charleston, Cumberland Sound Mr. McKinstry. 


and the St. Johns; and this, simply because the configuration the 
entrancesrequires it. Again, many our jetties are detached jetties, 
or, what the same thing, have the crests their shore ends below 
low water—often well below that level. 

these points difference, the gap is, the general case, 
positive disadvantage. The expressed object placing the reaction 
breakwater windward the entrance ‘‘to arrest the littoral 
but gap fail arrest the drift and near 
the shore where the amount drift greatest. The object the 
gap admit the full tidal General Gillmore states that 
certain flood” channel Cumberland Sound—a channel close 
the beach the north side the entrance—the gauged flow 
the flood was about double that theebb. Leaving gaps undoubt- 
edly means increasing the preponderance the ebb over the flood 
the main channel, provided this channel not too long. Cum- 
berland Sound and the St. Johns this effect assisted the fact 
that the ebb current does not begin run until after the tide has 
fallen about one-quarter its range, and continues running until the 
water has risen about the same amount. But may fairly doubted 
whether the advantage accruing from long, deep gap would offset 
the evil effect offering capacious opening the drift, whether 
gap that would keep out drift except highest water would ma- 
terially increase the ebb’s preponderance. Attempts have been made, 
the Adour and Dunkirk, solve the problem movable” 
jetties, that is, jetties which can opened during tide (not, 
however, during storms), and closed during the ebb. 

The object the reaction breakwater’s ‘‘compound and reverse 
found the concavities But this reason evidently can- 
not apply the convex inner part that structure. There 
excellent reason, the writer’s mind, why the inner part the 
Aransas Pass jetty should convex the channel: military par- 
lance, was necessary refuse this flank prevent its being turned. 
had not been given this shape there would have been little 
prevent the channel from breaking out the north the jetty during 
storm. Similarly, half dozen harbors can named, 
which, attempt made lay down Brookes’ concave wind- 
ward jetty, the main portion the jetty would have connected 
with the shore means convex portion, portion the lee 
side which would make angle more than 180° with the main 
portion. The reason this that the weather shore the entrance 
usually farther from the axis the channel than the jetty should 
be. Coos Bay might exception. The Southwest Pass another 
exception, and Professor Haupt’s plan for this place omits the convex 
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curve. While there are novel elements the reaction breakwater, 
the combination these elements unique. The reaction break- 
water Aransas Pass is, however, the first concave windward jetty 
built tidal entrance this country.* 

The foregoing discussion indicates, generally, that when pro- 
posed rely upon windward jetty the main means improve- 
ment: 

1.—The outer end the jetty should concave the channel. 

2.—The jetty should connected with the shore. the general 
case will found necessary make this connection means 
curve convex the channel. 

3.—The jetty should built least high-water level, and 
should extend across the bar into deep water. 

all cases except where the lee side the entrance happens 
the proper shape direct the current into the concavity 
the main jetty, lee directing jetty, shorter than the main jetty, will 
required. Where there strong resultant drift, the lee jetty need 
not raised above the level the beginning ebb outflow. 

The Single Lee lee jetties have been built straight, 
Coos convex the channel, Grays Harbor. 

All that has been said herein the advantage directing the 
issuing ebb current into the littoral current with minimum dis- 
turbance, applies with equal force the lee-jetty system. 
accomplished making the jetty incline leeward, making its 
outer end convex the channel. between straight and convex 
lee jetty, the advantage seems lie with the latter. 

The theory the single lee jetty this: Due the prevailing storm 
winds and the deposit sand the windward side the issuing 
harbor the channel forced steadily the leeward until 
runs nearly parallel the coast. its length and the friction 
its bed become great that some favorable occasion, say dur- 
ing strong off-shore blow following on-shore storm and extreme 
high water, breaks straight out through the bar, and its slow move- 
ment begins anew. jetty built leeward the channel when the 
latter occupies, lies windward of, some favorable position, 
will intercept this steady movement leeward; and, the pressure 


This taking for granted that the east side the entrance the windward side, 
which disputed. the west side the windward side, then the original Government 
jetty was the first concave windward jetty built this country. 


The jetty Coos Bay the lee side the entrance, considering the direction 
the prevailing storm winds. Whether the opposite side that from which 
the maximum drift comes not certain. the opinion one who has long been 
connected with Pacific Coast works that the resultant drift this place from north 
south, account the fact that the irregularities the shore line the south 
interfere with the movement sand from that direction, while there nothing ob- 


struct the sand movement from the north. Perhaps the author can throw some light 
this subject. 


This subject well discussed and illustrated Shield’s Principles and Practice 
Harbor page 151. 
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leeward still continuing, the inflowing and outflowing waters confined Mr. McKinstry. 
against the will scour channel the required depth the 

selected location. The theory the single lee jetty set forth 

various papers and discussions contributed the Transactions this 

Society Major Symons. 

The contention the opponents this system that tends 
cause the formation bar about the entrance, beyond the jetty 
end. may interesting inquire into this matter. before 
stated, jetty built out sandy coast invariably causes deposit 
sand its windward side. When the jetty located the 
lee side entrance, the tendency fill its windward side, 
the entrance, still exists, but interfered with and prevented 
the flow the waters that make and out the harbor. What 
becomes the sand that would otherwise deposited the wind- 
ward angle the jetty? 

During storms from the prevailing direction, and while the flood 
runs, the drift will carried into the channel and the inner 
harbor; when the tide turns, the issuing current will defiect the drift- 
laden littoral current out the end There the resistance 
leeward movement ceases, and the united currents bend leeward 
around the jetty end. All nearly all the sand that carried into 
the inner harbor during the flood tide must carried out again the 
ebb current, otherwise the harbor would The issuing harbor 
current therefore sand-laden, and joins its drift the deflected 
littoral current. the jetty made long enough, this material will 
probably dissipated deep water. 

The effect the same kind, not degree, when low 
detached weather jetty used connection with high lee jetty. 
The efficacy the weather jetty, keeping the drift out the 
channel and causing deposit its windward side, depends upon 
the height and continuity the jetty. Whether the sand carried 
through the gap over jetty borne into the harbor out 
seaward depends, course, whether the harbor current running 
out. 

The tendency for deposit form along the windward side the 
issuing ebb current, previously referred to, must considered 
further. The same forces are work here that act cause 
advance the foreshore the windward side groin. Dur- 
ing the flood the deposits the windward side the channel would 
suffer some erosion, the eroded material being carried toward the 
inner The building shoals the apex the angle 
between the channel and the shore and along the windward side 
the channel ought, therefore, slower than the corresponding 
deposit the windward angle groin windward jetty, and 
such shoals would probably never rise low-water level. Further- 
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more, analogy indicates that the jetty made long enough and 
carried into deep enough water the deposit ought not overlap the 
entrance. 

The formation the shoal Coos Bay, however, looks like 
instance this overlapping. This shoal extends along the weather 
side the channel, and the outer end bends around parallel what 
probably the direction the ebb current when the 
jetty, and about 1200 ft. beyond its end, this shoal carries less than 
ft. water, where 1885 there were more than 40-ft. similar 
shoal formed prolongation the north jetty the St. Johns, one 
stage the work, viz., after the south jetty had been built out con- 
siderably beyond the north. The overlapping shoal Coos Bay 
referred, one commentator, the jetty being what considers 
the wrong side the entrance; but may due the jetty not 
windward jetty, built out further, would not produce shoal equally 
bad. 

stating that the single windward jetty should concave the 
channel (and hence convex windward), and that the single lee jetty 
should convex the channel (and hence convex windward) 
convex and concave windward refer the prevailing storm 
winds; and preponderance drift from that direction assumed. 
When, under the influence winds from certain other directions, 
littoral current and drift are the direction opposite the prevail- 
ing direction, certain the advantages the concave windward jetty 
are exchanged for disadvantages; thus, the ebb current discharged 
into the littoral current stream instead down stream, easy 
passage the littoral current around the jetty end pre- 
vented, and the disturbance caused the meeting the three cur- 
rents increased. Because, however, impossible for single 
jetty suit these opposite conditions, best give such ashape 
best suits the storm conditions, especially the preponderance 
current and drift from the storm direction considerable. Similarly, 
the case the single lee jetty, when littoral current and drift are 
opposed the prevailing direction the pressure leeward does 
not exist and there nothing except the shape the banks hold 
the inflowing and outflowing currents the channel. again, 
however, the storm conditions, being the more powerful, are the con- 
ditions accommodated. 

places where there preponderance drift, the conditions 
must met by. converging jetties, extending out the same contour 


‘of depth, each part making large obtuse angle with the shore. 


any case should noted that the trending the ebb current 
leeward under the influence the littoral current flowing across the 
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entrance—inducing dissipation material deposit elsewhere Mr. 
than prolongation the channel—may prevented sudden 
change wind. 

From the point view ease and safety navigation, the windward 
jetty superior tothelee. The former stills the the entrance—a 
matter importance, because, heavy sea, the available depth 
decreased the drop the waves and the resulting ‘‘send” the 
vessel. Thus, the mouth the Columbia River, depth 
considered advisable for vessels that require but ft. still water. 

Similarly, the case two jetties, overlapping weather jetty 
will give some protection entering vessels before they come abreast 
the end the lee jetty. 

single lee jetty shore,” and makes dangerous sea. 
Note, again, however, that the terms windward jetty” and 
jetty,” here used, apply only during storms from the prevailing 
direction. The designations change under certain changes wind. 

Physical and nautical requirements are opposition the case 
entrances formed the two sorts jetties under consideration, and 
neither jetty gives entrance facing the most favorable direction 
for sailing vessels that may try make the harbor during storm 
from the prevailing direction. But this not important these 
days when sailing vessels have been largely superseded steam, and 
when coasting sailing vessels receive timely warning the approach 
storms. 

The writer expresses the opinion—necessarily, under the circum- 
stances, merely academic opinion—that the concave windward jetty, 
supplemented lee jetty sufficiently long direct the ebb current 
properly, preferable the single lee jetty. 

conclusion, word the text: The sea seems almost take 
delight thwarting timorous vacillating policy.* well-thought- 
out plan having once been adopted, vigor and steadfastness should 
characterize its execution. Often, sure, irregular and insuf- 
ficient appropriations, and the impossibility doing anything that 
will temporarily decrease existing navigable depth, matter how 
beneficial the ultimate result may be, have prevented such course 


many the works this country. build windward jetty low 

water the hope that may not necessary build high 

water; leavea gap windward jetty for fear the tidal prism may 

reduced, when, necessary, dredging should resorted to, pre- 
vent this reduction; build jetty out certain point and then 

await results the hope that shorter jetty than the one originally 

planned may accomplish the end desired: These are methods inviting 
advance the bar and greatly increased final expense. 

Transactions, Am. Soc. E., Vol. xxx, 499. 


4 
= 
4 
1 
q 


Vol. OCTOBER, 1901. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


EXPERIMENTS DETROIT, MICH., THE 
EFFECT CURVATURE UPON THE 
FLOW WATER PIPES. 


Discussion.* 


deserve the cordial thanks their professional brethren all over the 
world for the scrupulous care with which they have carried out and 
recorded the results their experiments. 

They have demonstrated very clearly how useless attempt 
the solution difficult problems hydraulics purely mathemat- 
ical reasoning, without frequently resorting experimental proof 
the assumptions involved. Methods treating these problems after 
the manner Weisbach will future less and less trusted engi- 
neers, and wider distinction will drawn between 
and 

The subject one peculiar interest the writer, because has 
been experimenting, intervals, for many years past, ascertain the 
laws movement water under conditions which have not hitherto 
been satisfactorily studied, and has been rewarded the discovery 
remarkable phenomenon with regard the critical velocities 
which the movement water changes from stream-like sinuous 
turbulent motion, and change the law resistance also occurs. 


*Continued from September, 1901, Proceedings. See May, 1901, Proceedings for 
paper this subject Gardner Williams, Am. Soc. E.; Clarence Hubbell, 
Assoc. Am. Soc. E., and George Fenkell, Jun. Am. Soc. 


No. 


outline the writer’s work was indicated paper presented Mr. 
the International Engineering Congress Glasgow September 4th, 

1901, and the full details will set out the writer’s book 

Hydraulic Experiments and Engineering Problems now preparing 

for publication. 

The writer has found that when the hydraulic radii pipes 
open channels exceed ins., the critical velocities increase with the 
hydraulic radius; whereas, from experiments pipes less than in. 
diameter, well known that the critical velocity bears inverse 
relation the hydraulic radius. has also found that the velocity 
required disturb fine silt channels various depths apparently 
identical with the velocity, and the whole question the 
scouring power and silt-carrying capacity rivers intimately bound 
with the critical velocity laws, which are the main factors deter- 
mining the degree turbulence the motion and the consequent 
power the water disturb and transport solid matter. 

The degree and the nature the turbulence 
depend first, upon the proximity remoteness the hydraulic condi- 
tions those the critical velocity, and are undoubtedly much 
enced the curvature the channel. the effect curvature 
the degree turbulence the authors’ experiments consider- 
able light. One point, which attention may drawn, that the 
traverses obtained with Pitot tubes show very irregular curves 
low velocities and more regular curves higher velocities, when the 
motion may expected more quivering, rushing nature. 
The authors have very properly explained how the diagonal currents 
could give zero negative reading the Pitot tube, but, although 
these readings are value gaugings, they show how diagonal 
eddy can remain long enough one spot enable several readings 
taken. The same thing occurs swirling eddies open channels, 
when the velocities are not much above the critical point, but cannot 
occur very high velocities. would interesting the authors 
would add few traverse diagrams based single reading each 
point, bring out the irregularities more clearly. 

The potency slight curvature produce disturbances 
and consequent scour rivers has long been known, and its import- 
ance recognized selecting sites for landing stages, and for ports 
tidal estuaries, but the efforts hitherto made bring the data the 
subject usefully into line with scientific have not been 
very successful. The subject difficult one, and has been rendered 
more difficult the absence any established theory scour rela- 
tion the three main hydraulic factors: Hydraulic radius, surface 
slope, and mean velocity. 

The writer hopes remove much the difficulty establishing, 
with fair degree accuracy, the correct locality the critical 
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Mr. Thrupp. region and tracing lines representing equal degrees turbulence 


relation depths and velocities. 


The modification those lines curvature channels will follow 


course time data are obtained the new basis, and the work 
the authors developing the differential gauge, with oil place 
air, welcomed valuable contribution scientific methods 
studying small losses head. The writer has used hook-gauges, and 
long connections rubber hose, immersed rivers, for leveling 
from station station, preference relying spirit leveling, 
observe very small surface falls, and satisfied that valuable 
information may derived that way, and perhaps the oil differen- 
tial gauge may give better results some cases. 

The great advantage such appliances that they enable results 
obtained distances, and therefore suitable experimental 
sites can more easily found. 

The Pitot tube, with the oil gauge, should also lead further data 
being collected, comparatively small cost, from very large pipes 
very low velocities. 

The authors’ main conclusion, pipe curves diameters rad- 
ius giving the least resistance, shows how great disturbance can 
caused slight curve, but evident that the sharper bends give 
higher resistance, for each foot their length, than the easy bends; 
and the fact their total resistance being less only due their ratio 
lengths being greater than their ratio resistance per foot run. 

pleasing find among the authors’ results some clear indica- 
tions the critical velocity phenomena closely agreeing with the 
writer’s data. 

The 12-in. pipe experiments show the critical velocity about 
0.14 ft. per second, the 16-in. about 0.30 and the 30-in. about 
0.70 ft. per second. 

The 12-in. and 16-in. indications are visible the results the 
measured loss head low velocities, and the 30-in. the rapid 
falling off the ratio mean velocity the center velocity with low 
discharge. (See Table No. 8.) 

American engineers should particularly interested this critical 
velocity question when pointed out them that the phenomenon 
indicated clearly the experiments the Mississippi River Com- 
mission Carrollton 1882. The writer hoped have met Mr. 
Ockerson Glasgow, and have raised discussion about there, 
connection with his paper the Lower Mississippi, but, was 
absent, the subject was not opened. The present communication 
appropriate opportunity for announcing the fact. 

Hitherto, engineers have been the habit assuming that the re- 
sistance large rivers proportional some higher exponent 


q 
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Humphreys and Abbott, Hagen, Gauckler and Kutter took this Mr. Thrupp. 
view. The latter’s complicated formula framed represent 
higher power the slopes become flatter. The writer now claims 
have discovered the limit which this may considered 
correct, and the first realize that the true interpretation the 
Carrollton experiments that the conditions existing there closely 
approximate the critical velocity conditions, and show the resistance 
varying much more nearly simple proportion than 
even 

would prolong this communication unduly fully into the 
details, and, moreover, they will published due course the 
writer’s book, but this brief indication the main issue will suffice 
explain the following critical remarks the authors’ methods 
treating their data. 

First, let try learn more about the deviations from the formula 
and not obliterate them straight line” analysis, after 
fixing the position the line centers gravity groups,” 
the method least squares,” otherwise. 

Secondly, let abandon the theory that the discharge pipes 
data show that rarely less than 

would also facilitate the study the results they were finally 
reduced terms the observed velocities, slopes and diameters. 

Finally, suggested engineers entrusted with the treatment 
large rivers, that the most promising field for experimental research 

leveling conjunction with velocities, cross-sections, scour silting, 
and notes the degree turbulence” made evident visible 
eddies fluctuations velocity given stations and irregu- 


Am. Soc. E.—The speaker thinks that this Mr. Hering. 


larities the shapes vertical velocity curves. 
paper destined mark important point the study the flow 
water through pipes. describes very carefully conducted series 

experiments, and draws conclusions, some which vary substanti- 

ally from commonly accepted beliefs held for years eminent 
hydraulicians. 
number years ago, Philadelphia, when the street railways 
were first introduced, the curves, rather compound curves, from 
one street another, were made with long radius possible. 
few years’ experience seemed point the conclusion that single 
curve uniting the would answer all purposes and cause 

much less work for the horses. The speaker remembers the chief 
engineer’s remark: ‘‘Make the shortest curve and done with it.” 
would seem, from some the authors’ statements, that herein 


may partly lie explanation their results. 


| 
| 
e 


Mr. Hering. 


Mr. Seddon. 


962 DISCUSSION FLOW WATER PIPES. 


the same time must not forgotten that friction solids 
against solids totally different thing from friction fluids against 
solids. the former case, the friction, known, increases with 
the pressure, due the fact that the little protuberances slight 
elevations the surfaces must get over pass each other 
compression the material composing them. With flowing liquid 
the case entirely different, because the liquid particles roll over the 
protuberances; friction, therefore, has nothing all with the 
pressure the liquid, but only with the resistances met its flow. 
Herein may lie the explanation the authors’ results. With flowing 
water more the extent surface against which the 
liquid flows and which worried into contortions the little 
irregularities the surface, and also the longer continuous change 
direction flow, than question the length the radius 
curvature. 

Am. Soc. (by letter).—This very inter- 
esting series observations was fully discussed authors 
that the writer did not see the time anything that was called 
But Mr. Tutton has taken the matter beyond the question 
facts and into the forces that made them, and this has given 
illustration what the writer thinks misunderstanding these 
forces, and not uncommon one. 

All that known, directly, the energy consumed 
observed the difference head level between. two points it. 
The discharge, the head, just many foot-pounds second, 
whether goes over the dam, goes through the wheels, goes down 
the river. Calling this the gravity potential, the problem resist- 
ance flow is: How does its gravity potential reach its limit accel- 
eration 

the drop over dam simple enough. need not into 
the see that the flow accelerated all through the fall, and 
beaten into foam and eddies the foot it. the case considered 
Mr. Tutton necessary first analyze the forces. Taking his 
concentric cylinder water the pipe (Fig. 93),* the forces the 
direction flow, whole, are equal to(p, or, the differ- 
ence the pressures the two ends the cylinder, radius 
multiplied its end area. This just Mr. Tutton gives it, and 


the total what may called the gravity forces. 


But while this true summation the gravity forces, the case 
considered, the question where these forces are located quite 
another matter; plain that they are some way distributed 
through the cylinder, and that this merely expression for 
volume integral them. Certainly, also, balanced flow, counter- 
forces will found equal them; but that counterforces equal 
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their sum should lie the circumferential boundary this cylinder Mr. Seddon. 


does not follow. this boundary was imaginary plane without 
thickness the writer would say that the was 
absolute zero. 

Navier’s expression for internal resistance, this counter- 
force, the writer takes the coefficient volume integral, just 


expression for pressure the coefficient surface integral. 


equivalent starting out the strains dam with the 
assumption that the water pressure 62.4 lbs. line ft. long and 
ft. below the surface. The counterforce the bounding film, 
thickness, Mr. Tutton’s cylinder the writer would put 


where the length the cylinder and the coefficient viscosity. 
This has relation the total the gravity forces 
distributed through the cylinder; most, could only balance that 
element them which lies this film. 

should said, however, that the writer has not found general 
that others think does this matter. was surprised few 
years ago find that the whole faculty leading university the 
West took essentially Mr. Tutton’s view and, far commits 
himself his article the Britannica Unwin, seems take the 
same position. Those great mathematicians, from Navier Stokes, 
the writer would credit with having fully developed the character 
fluid friction; but does not claim have studied their works; 
has simply looked into them enough get for himself definite idea 
the process through which the energy motion water passes 
into heat. 

But the counterforces this process are wholly insufficient 
balance the gravity forces. Calling the sum these counterforces 
and assuming form for the system velocities the pipe, the 
expression 


easily integrated. 


With the velocity forms 


(I.) cone Where the radius the pipe 
center. 
Taking Helmholz’s value foot-pound units, and the length 
thousands feet, the place feet, these values are 
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Probably every actual case flow pipe would lie between these 

0.075 

while 000 ft. pipe, ft. diameter, with maximum velocity 

ft. second it, could hardly have less than ft. head it, and 

Some years ago the writer had occasion calculate this relation 
for rivers, and stated the time that the resistance the 
counterforces found their flow velocities was but little over 0.01 
the gravity potential consumed their flow. Here, pipes, 
curvature the velocity forms But may said, for flow 
general, that from 0.01 0.04 that the counter- 
forces the velocities flow are utterly insignificant fraction 
the gravity forces it. 

course, understood that there are also forces fluid friction 
the circulation, but the velocities flow are taken out the case 
the remaining motions have resultant; altogether, the forces 
them are equal all directions, and can part counterforces 
the gravity potential. may stated, then, from the work these 
mathematicians, that fluid friction resistance flow have practi- 
cally nothing with each other; understanding fluid 
that process through which the energy the motion the 
water passes into heat, and flow” that process through 
which the energy the gravity potential reaches its limit accel- 
eration. 

But fiuid friction not all mysterious. must understood 
that one side there mechanical motion and the other 
molecular motion; and may once into the mechanical particle 
the velocity, the friction force 


Thus, river, may taken for the slant its flow velocities from 
top bottom, and from side center, isthe 


coefficient volume integral for the total the friction forces 
these motions. water, this the most general expression for this 
friction force the particle dz; two motions shifting 
planes right angles all that can have it; gases may have 
addition motion dilation. That the sum the first differentials 
these motions expresses the force assumption, but the viscosity 


water determined this assumption, and its coefficient applies 
the form given. 


Mr. Seddon. 
| 
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Though very small quantity, with the water beaten into Mr. Seddon. 


foam the foot Niagara, and the values and running 


into infinities the boundary every internal whirl and eddy, this 
friction will account for the conversion great amount energy 
into heat very rapidly. Again, following the remnant circulation 
reservoir, days after has been filled, the loss motion this 
form almost imperceptible, the writer has had occasion note 
tracing its effect sedimentation. 

All the energy was, one time, gravity potential, and passed 
through condition flow into system internal circulation; and 
again 99.96% passed through the circulation into heat. Energy 
not destroyed, only transformed; from linear acceleration 
internal eddy, still motion; but one has direction and the 
other has not. This transformation can limit the acceleration 
gravity potential; after the eddy, friction will change 
into heat, though may days before altogether through with 
it; but, whether days seconds, makes difference the rela- 
tions the two processes; the transformation into heat not part 
the resistance flow, but product it. 

With the eddy practically all cases the end the acceleration— 
and the eddy very effective end it, even over 
Niagara—we may now back tothe gravity forces, which left 
the beginning with the statement that they were some way 
distributed through the cylinder. 

now seems plain that this distribution can have fixed charac- 
ter, either time space; where gravity force lies line, that 
practically line uniform acceleration, and runs itself into 
eddy, and that the end it; the action essentially shifting and 
intermittent its nature. The writer does not see how this can 
the hydraulic grade line. spoke this one the authors, 
while their observations were progress, but concluded, with him, that 
service-pipe line with the beat pump through was not place 
where the question could tested. 

However, cases where the flow has free surface, the matter 
not intricate. Probably everyone has noted the standing waves 
the face the rapids, where the acceleration reaches its limits and 
throws ridge water its course against which checks 
itself. Where the channel symmetrical this may taken 
resistance furnished the flow itself, contrast with the energy 
that thrown into eddies the rough irregular form the 
boundary; there pulse, also, the flow rivers, which seems 
mark resistance the same character. 

The case flow with free surface not under discussion here, 
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Mr. Seddon. but may stated, generally, that anyone will undertake esti- 
mate the energy expressed these surface forms will struck 
once with the fact that large part the gravity potential may 
taken them. Mr. Tutton’s division the resistance, into 
element that belongs the boundary, and element that lies the 
body the flow itself, conclusion that the writer regards very 
highly, as, indeed, does the whole spirit this paper, with its 
effort get the inside facts the matter, and, from them, 
deduce the forces. 
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TRANSITION CURVES. 


Discussion.* 


are great importance the railroad engineer, and are gradually 
coming into more general use. These curves are also great 
importance the traveling public. For, railroad provided 
with transition curves, there can shock and subsequent incon- 
venience the passengers when the train entering leaving 
But, although the cubic parabola the only curve that fully 
meets the conditions transition curve, the spiral more commonly 
used. can other reason for this, than that the majority 
railroad engineers imagine that impossible stake out cubic 
parabola means The writer has had great deal 
experience with transition curves, and nearly twenty worked 
tables which will enable the engineer stake out transition curve, 
derived from the cubic parabola, just easily circular curve. 

Before showing the use the tables, will necessary review 
briefly some the theories upon which they are based. 

The equation the cubic parabola 

which the radius the center curve, the length the 
parabolic arc. 


Continued from 1901, Proceedings. See also August, 1901, Proceedings, 
for paper this subject Lee, Am. Soc. 
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This being the equation the curve obtained when cantilever 
beam bends under the action load suspended the free end, the 
cubic parabola also called the elastic curve. 

The length the parabolic arc depends upon the elevation the 
outer rail anc the grade assumed order reach leave the 
elevation. The elevation, the outer rail depends upon the gauge 
the velocity and the radius curvature 

36.16 

Assuming grade ft. feet, the length the parabolic 
are will 


Thus 


denoting 


differentiating the cubic parabola obtain 


which the natural tangent the angle which the tangent any 
point the curve makes 


with the tangent the 
curve. 

The are ob- 
tained considering the 


bolic arc, the tangent 
x 


Thus the deflection function the distance only, and entirely 
independent the main curve. 

The for the point osculation obtained from 

The tables are calculated conformity with the following condi- 
tions: That the grade the outer rail rises ft. 300 ft.; the 
velocity miles hour, and the gauge ft. 9ins. Consequently, 
the constant 152314.74. 

The tables are best illustrated example. 

Let Band (Fig. two tangents, intersecting the 
the elastic approaches. 


tan. d = 
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The first step ascertain whether the intersection angle Mr.Sundstrom. 
large enough for curve. 
According Table No. the tangential angle for curve 
and the curve consists two elastic approaches only. When2 
larger than the intersection angle the center curve must 


changed degree curvature having sufficiently small tangential 
angle. 


Fie. 


this example, however, the intersection angle 120°, and 
2(K Hence the given intersection angle satisfies the 
required conditions. 


must now find the distance order find the point 
curvature. 


being the radius the center curve, the corresponding shift, 


intersection angle, and the length the parabolic are, 
elastic approach. 
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oO 
1736.4. 
The values and are taken from Table No. for curve. 


After the distances and have been measured, set the 


transit Cand sight the vernier being set zero. stakes. 


are set every ft., the first deflection must for that distance. 
According Table No. the deflection for ft. for ft. 
for ft. 22', for 100 ft. for 125 ft. 59’, for 150 ft. The 
length the elastic approach for curve, according Table No. 
159.4 ft., which makes the last deflection have now 
reached the point osculation. Set the transit over the point oscu- 
lation, and lay off the tangent, the tangential angle, 
being last operation best accomplished the follow- 
The angle being the supplement the angle 
C,is equal After the transit has been placed over the 
point set the vernier 176° sight and turn the instru- 
ment zero. have now obtained the new tangent, and are ready 
lay out the main curve. Before this can done, however, the inter- 
section angle, must found. From what precedes, this angle 
stake out curve for this angle the usual manner. After the 


point reached, move the instrument and proceed the 


same manner with the elastic approach 

When the intersection angle small, that say, trifle more 
than twice the tangential angle, the main curve can shifted and 
provided with elastic approaches simply furnishing the point 
curve, the point tangent, the points osculation and the external 
secant. The co-ordinates for the point osculation are obtained 
from Table No. 

The writer, having had nothing with steam railroads for the 
last sixteen years, has had occasion for remodeling the tables 
conform modern railroad speed. 

Frequently, however, has occasion run transition curves 
street railroads, and then uses the figures Table No.3. The 
convenience this table self-evident, and its use presents 
culties the shop, the same templet can used for all approaches, 
the only variable quantity being the length. 
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curvature. are. osculation. osculation. 


1° 16 
20° 


. 


126.2 

146.2 

177.1 


Distance. 


_ 


om 


@ 


115.3 
116.4 


TABLE No. 


. 


Distance. 


117.6 
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Distance. 


165.5 
167.9 
168.7 
169.5 
170.3 
171.0 
171.8 
172.6 
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TABLE No. 
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TABLE No. 


x y | l | R | & x’ y | U 

15.0 0.896 15.047 10° 15.918 15.966 
15.1 0.914 15.149 10° 22” 16.080 0.997 
15.2 0.982 15.250 41.179 10° 16.142 
15.4 0.969 15.454 20° 41’ 35” 16.366 1.059 
15.8 1,047 15.861 11° 14’ 30” 16.815 1.147 16.879 
16.0 1.087 16.065 39.090 11° 15” 17.107 
17.5 1.422 17.603 35.675 18° 12” 1.570 

17.6 17.7 35.467 16” 18.846 1.598 18.959 
17.8 1,497 35.060 14° 30” 19.074 19,194 
17.9 1.522 18.015 14° 41” 19.187 1.688 
18.0 1.548 34.661 14° 54” 19.300 
18.3 1.627 18.428 14° 48” 19.642 1.802 
18.8 1.764 18.947 15° 20.211 1,959 20.371 

| | | | 


Example.—Suppose required place curve radius, with transition 
between two tangents, making angle 41° The nearest radius 39, 
able No. 39.09, which this case must used. The table gives everything but the 


being equal Then have (39.09 tan. 20° 16.0 39.09 sin. 


11° 14.782 16.000 7.807 22.975. From inspection Table No. will 
found that the radius curvature gradually decreases; thus is, the distance ft. 
from the point curve, 125.597; the distance ft. When 2a, 
the curve will composed the two approaches only. the radius selected produces 
spondingly smaller angle that becomes smaller than equal 
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THE CONSUMPTION WATER MUNICIPAL 
SUPPLIES AND THE RESTRICTION 
WASTE. 


Informal Discussion the Annual Convention, July 27th, 1901.* 


FOR DISCUSSION 


Consumption Water Municipal Supplies and the Restric- 
tion Waste.” 


Foster and CHARLES SHERMAN. 


Frep. Am. Soc. (by letter).—An example small 
works which meters have been successfully applied Reading, 
Mass., where the population little less than 000, the water has 
purified well pumped, and the capacity the source not 
greatly above present needs. About 800 meters were added, cost 
nearly $10 000, with the result bringing the year’s expenses 
the pumping station below those previous year, selected for fair 
comparison, about $700. was estimated, from the rate increase 
the demand for water before the meters were put in, that, without 
them, additional force would have been required the pumping 
station for 150 days the year $10 per day, amounting 500, 
about 15% the cost the additional meters. The particulars 
are given Superintendent Lewis Bancroft, the Tenth Annual 
Report the Water Commissioners the town, for the year ending 
December 31st, 1899. 


The discussion this subject, which formal paper was presented, con- 
tinued from the September, 1901, Proceedings. 
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Am. Soc. E.—The point referred Mr. Brackett. 


Mr. Kuichling, that the recorded consumption often much greater 
than the actual quantity delivered the mains, should empha- 
sized. The recorded consumption many cases calculated from 
the displacement the plungers the pumping engines, without 
making sufficient allowances for the slip loss due defective valves 
and worn plungers. When pumping machinery new and good 
order, the slip not generally more than the theoretical dis- 
charge; but engine which was operated for several months with 
slip nearly came under the personal observation the speaker, 
and probable that many cases exist to-day where the slip exceeds 
per cent. 

Quite large percentage the increase the consumption 
water may attributed the very great increase the number 
water fixtures per capita, well the design the fixtures 
general use. 

Table No. showing the number fixtures use Boston for ten- 
year periods from 1870 1900, with the percentages increases and 
the increase population and consumption during the same periods, 


illustrates very forcibly the great increase the conveniences offered 
for using and wasting water. 


TABLE No. 
| 8 oo oo ao 
Taps and sinks..... 009 948 38. |201 360 
145 252 809 698 189 348.0 
Total population... 850 30.1 362 800 500 900 101.1 
Daily average con- 
sumption (million 
Fixtures per capita. 33.3 0.882) 32.1 122.8 
Consumption per 
Consumption 
—1.1 118.7 |—24.3 89.9 9.9 98.8 


While the population has doubled, the number water fixtures 
use has increased times, and the water-closets, bath-tubs and wash- 
tubs have increased from times the number thirty years ago. 
To-day, water fixtures are very much more generally used the 
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cheaper class houses than former years, and the fixtures used 
are very often inferior quality, and for that reason soon become 
sources waste. 

There often tendency consider all the increase per capita 
consumption preventable waste, but must remembered that 
new uses for water are continually arising, and although the use may 
luxury rather than necessity, one which the engineer must 
coasider legitimate. 

One two facts will illustrate this point: 

Boston the consumption per inhabitant for six the more 
important industrial uses 1880 and 1890 shown Table No. 
all the water for these uses being metered: 


TABLE No. 


1880. 1890. 
Gallons. Gallons. 


Steam railroads 

Sugar refineries 

Electric light and power 
Breweries 

Elevators 


This increase, about galls. per capita for few purposes, 
nearly one-fifth the total per capita increase for the same period. 

Again, from the fifty cities the United States having the larg- 
est population are selected those where more than 40% the taps 
were metered the year 1900, found that all but two them 
show increase consumption per capita during the past ten years, 
although the use meters has been largely increased. 

The speaker the opinion that the best method preventing 
waste the premises the water taken applying water meters 
and charging water takers for the actual quantity used. The time 
may come when the suggestion Mr. Kuichling, that water may not. 
supplied under any condition for certain purposes, may carried 
out, but, long the present enormous waste continues, the 
speaker believes that the payment for water used, determined 
meter measurement, will sufficiently restrict the waste. 

Although engineers and water-works officials are now almost, 
not quite, unanimously favor furnishing water meter measure- 
ment, the water takers many cities have yet learn that for 
their benefit pay for the actual quantity water used, and the 
province the engineer educate public opinion and encourage 
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the gradual introduction meters, rather than attempt force Mr. Brackett. 
their use upon unwilling public. 


TABLE No. 

PERCENTAGE GALLONS PER CAPITA 
Taps METERED. 
1890. 


Assoc. Am. Soc. (by letter).—For several Mr. Christian. 
years the writer resided house where the water was metered. The 
house contained nine persons, five whom were adults and four 
small children. The house had all the modern improvements, and 
stood lot ft. wide and 100 ft. deep. There was sewer the 
street, and the water pressure was about lbs. per square inch. All 
the laundry work was done the house, and hose was used water 
the garden and lawn when necessary. 
the mornings, before any water was drawn for use, was 
allowed run long enough allow the escape the water which had 
stood the house pipes all night, and hot weather, before drawing 
any for drinking purposes, was run until was cool 
would get. All the water needed was used, without considering 
the cost, the water was paid the owner the house. 
Although was used lavishly when needed, waste was curtailed 
minimum having the plumbing fixtures always good order, and 
not allowing the water run all night cold weather avoid 
freezing; that not being necessary, the plumbing was well pro- 
tected and the house well built. 
The writer became interested the matter the water consumed 
the house, and, upon examining the records the office the 
Board Water Commissioners, was surprised learn that 
time during the previous three years did the consumption exceed 
galls. per capita. 
Substantially, all the water consumed Yonkers, Y., metered, 
and, according the annual report the Board Water Commis- 
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sioners for the year 1897, there passed through all the meters, for 
domestic use, 278 984 470 galls., 22.07% the water pumped, 
measured plunger displacement; which, divided 000 
—the estimated population using the water—gives 22.5 galls. per 
capita. 

During the same year there passed through manufacturers’ meters 
26.83% the water pumped—equal about 27.5 galls. per capita— 
making 48.9% accounted for. 

The annual report the same Board, for the year 1900, with 
000 estimated consumers, shows per capita consumption 
galls. passing through all meters, except those the manufac- 
turers, and the amount passing through the latter was equal con- 
sumption 13.5 galls. per the total amount passing through 
all meters being 48.12% the amount pumped. The other 51.88% 
partly accounted for street sprinkling, construction work, flushing 
sewers, fire purposes, the unreliability the method measuring 
—which probably records little more than actually pumped— 
and last, but not least, loss from leaks the mains and service 
pipes. 

The city quite manufacturing center, there being employed 
its industries probably about 000 operatives, whom perhaps 25% 
are skilled mechanics. 

the home many people wealth, and has many miles 
beautiful streets lined with handsome residences and well-kept lawns, 
and general air prosperity pervades the city whole. 

When more economical restrict waste than build new 
works enlarge those already built, the writer agrees with Mr. 
Herschel that all water used should measured—not only when 
begins its journey through the principal main, but through its 
various travels—by districting the city and metering the water entering 
each district; and then, with meter tap, the location 
leaks could detected, and those who used wasted the water would 
pay for it. 

would seem that supply furnishing galls. per capita should 
ample for municipalities which have manufactures moment, 
providing good plumbing required, and great amount leakage 
allowed the mains service pipes. 

Foster Am. Soc. (by letter).—The writer 
greatly interested the subject the proper allowance for con- 
sumption water and the adoption practical measures reduce 
waste public water supplies. With Mr. Desmond FitzGerald, 
believes taking every reasonable step stop needless waste. His 
own investigations lead him endorse thoroughly what Mr. Traut- 
wine has stated, both regards the enormous extent waste now 
going our principal cities and the apparent hopelessness reach- 
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this respect. 

1900 the Engineering Committee the Merchants’ Association 
New York, which the late Thomas Clarke, Past-President, 
Am. Soc. E., was Chairman, requested the writer investigate 
and report upon the use and waste water the Boroughs Man- 
hattan and the Bronx New York City.* pursuit that duty 
had sought and obtained many facts relating the supplies 
water actually consumed various cities, comparison which 
convinced him the fallacy the reasoning that often heard, 
that because city rich and prosperous, therefore will, that 
account, naturally and properly need larger per capita supply than 
smaller places. 

true that among individual consumers almost invariably 
found that the houses the wealthier class there very much 
greater use than the houses the poorer class, and that, the 
standard living raised from decade decade more less 
every class people, the legitimate average per capita water con- 
sumption also increases; yet differs from the general conclusion, 
believing that, the class using water the proportion 
may actually smaller the large city than the small manu- 
facturing town. unsuccessful effort has been made determine 
the actual proportions wage earners total population several 
cities for comparison. The figures the United States census 
1900, which might throw light this contention, are not yet available, 
and those 1890 are little service this date, especially form 
classification which would bring out clearly the point question 
has not been used. 

the absence statistics can only fall back upon conjec- 
ture aided analogy, and New York, for instance, the largest, 
one the largest, manufacturing centers the world, said 
contain more wage earners and have far denser population than 
any other city civilization, cannot admitted that city 
wealth and luxury, the sense which the term has been used 
this discussion. 

The same true, measure, Philadelphia, though not 
the same extent, that would reasonable expect somewhat 
higher average per capita consumption there than New York, 
while Washington should expect find much higher figure. 
The comparisons the report referred to, containing the evidence 
from Fall River, Woonsocket, etc., with the observed facts relating 
water consumption New York and Philadelphia, which use 
such figures Mr. Hering appears object, were for the purpose 


Inquiry into the Conditions Relating the Water the City New 
the Merchants’ Association New York, August, page Use 
and Waste Water New York Foster Crowell, Am. Soc 
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directing attention the enormous difference the quantities water 
consumed metered and unmetered cities, illustrated those 
cases. Here, important revert the fact that lavish use not 
necessarily waste, and this should emphasized, because the confu- 
sion between these terms does not appear confined laymen, but 
seems exist also the quarter where should least expect it, the 
minds many engineers. 

also well understand clearly what meant the term 
which only used here because term convenience. 
used variously, and generally loosely. Here, meant indi- 
cate the proportional part the water supply that represented 
each individual the entire population served with water from given 
supply, and including all the water used, for whatever purposes. 

The writer takes exception Mr. Hering’s proposition, that 
meters should omitted houses for small families the ground 
economy. Because may cost less let certain amount 
water waste than provide means for checking argu- 
ment when the community largely made small families, 
especially there likelihood that under such conditions, either 
the wastage the use would limited the certain amount. 
the writer’s judgment the use meters should universal and 
form; they should owned the city, water company, all 
cases. cases where the supply the city, certain small 
fixed allowance should not charged for, though measured and 
taken account of. Beyond that, the meter charges should apply 
all water consumed, rate schedule decreasing the quantity con- 
sumed increases. 

writer would join with others their protest against that 
ancient fraud, the dictum that water should free can- 
not, the nature things, made free, ergo its cost should re- 
duced the minimum. The way that make the supply 
far possible. 

Even where the public water supply copious and need not 
stinted, the wasting should not tolerated. the nursery 
were taught that wilful waste makes woeful want,” and 
should not lose sight the fact that the less water waste, the 
more can use the same cost, the less that which use 
will cost us. 

makes difference, principle, whether wastage due de- 
fects the distribution system carelessness users; either case, 
both cases, should stopped. The latter case the easier 
deal with, for, upon the introduction meters, the writer has else- 
where stated: 


householder would thereupon become directly interested 
the reduction the waste, and the inherent trait human nature 
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which previously had led him consider that the more water used Mr. Crowell. 


the more value was getting back from his taxes, would now cause 
him feel concerned lest should suffer being made pay for 
water did not use. That the experience other places where 
meters have been universally applied, and greater less extent 
counted upon.” 


Mr. FitzGerald’s shining example case point. 

unfortunately true that several prominent instances engi- 
neers high authority, after pointing out the probability that tre- 
mendous waste was going on, lacked the courage their con- 
victions, and, instead urging the adoption radical means for 
its stoppage, advised that sources for additional supply should 
provided, thereby increasing the opportunity for waste. 

Undoubtedly, the legitimate uses water will increase, both 
quantity and kind, faster than the increase population. 
would seem, therefore, right and prudent for every city make 
some provision advance for the supply the future, even ex- 
tending the purchase water-sheds and reservoir sites need 
be, but further expenditure for new water-works not justifiable 
until the point reached where the legitimate use approaches the 
working supply, with reasonable margin time for their prepa- 
ration. 


writer has recently compiled series tables,* containing more 
less complete statistics relating the water-works sixty-one cities 
and towns, for the year 1900. From these statistics Table No. has 
been prepared. This table gives statistics relating the consump- 
tion water and use meters forty cities and towns, these being 
all for which sufficient data this kind were available. 

part this information reproduced the diagram, Fig. 
which shows for each town the relation between the per capita consump- 
tion water (per consumer where given, otherwise per inhabitant) and 
the percentage services metered. 

From the forty points the diagram two groups have been selected. 
Group includes all the places, twelve number, having more than 
80% the services metered. will noted that the range con- 
sumption for this group from 76, galls. per head per day. 
Group includes the places having less than 20% their taps 
metered, and this group the range consumption from 174, 
122 galls. per head per day. Taking, mean consumption for each 
group, the average between the highest and lowest consumption that 
group, and plotting these figures corresponding and 10% 
services metered, respectively, points are obtained through which the 
line has been drawn. 


Published the Journal the New England Water-Works Association for 
September, 1901. 
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TABLE No. AND USE WATER Forty AMERICAN 
AND Towns. 


Andover, 
Bay City, Mich..... 
Billerica, Mass...... 
Brockton, Mas: 


Haverhill, 
Holyoke, Mass...... 
Ipswich, 
Keene, H.... 
Lowell, 
Mass..... 

dison, Wis... 
Marlboro, Mass. 


Minneapolis, Minn 202 
Nantucket, Mass.... 002 
New Bedford, 62500 
New London, 
Newton, 587 
Oberlin, 
Providence, 


Reading, Mass...... 
Springfield, Mass... 
Taunton, Mass...... 
Waltham, Mass..... 
Ware, Mass......... 
Wellesley, Mass..... 
Whitman, Mass..... 
Winchendon 
Woburn, Mass...... 
I... 
Worcester, Mass.... 


Judging from these figures alone, would seem that this line 
marks fair limit, beyond which consumption (including waste) may 
justly considered excessive. This line would give, for normal con- 
sumption, 44.5 galls. per head daily for all services metered, and 121 
galls. where meters are used. course, generalizations this 
kind are very limited application, and must used only with the 
greatest caution. 

The statistics Woonsocket, Fall River, Brockton, and other 
places are frequently quoted showing that consumption (includ- 
ing waste) excess galls. per head daily excessive, and, 
the use meters, could, perhaps, reduced that amount. The 
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writer believes that argument ill chosen, all the cities named 
are manufacturing centers, containing large percentage operatives’ 
houses tenements, which there are few fixtures and which the 
use water restricted. his opinion, the smallest quantity 
water which will consumed dwellings high class, where the 
plumbing carefully looked after and leaks are promptly repaired, 
will be, average, not less than galls. per head per day, and the 
average quantity used such houses will more nearly galls. per 
head per day. The average domestic use city containing all 
classes houses ordinary proportions would then probably not 
less than galls. per head per day, which must added the 
quantity used for fires and other public purposes and the leaks 
mains and services, order obtain the total consumption (inelud- 
ing waste). 

This opinion regarding the legitimate use water based actual 
figures. For the past year the writer has taken readings the water 
meter his house, intervals about week, and has taken great 
care have leaky fixtures and reduce far feasible the un- 
reasonable drawing water, without curtailing its proper use. His 
records show the average use water that time the rate 
31.5 galls. per head per day, the weekly average ranging from 21.2 
November 47.8 July. friend,-similarly situated, has 
furnished records showing that his house, where the use water 
somewhat lavish, but. where leaks are not tolerated, the consumption 
has averaged 47.2 galls. per head per day for the past three years, the 
yearly averages being 49.5, 45.4 and 46.7 galls., respectively. 

Other interesting comparisons can made such data are 
given Table No.7. For instance, the percentage receipts from 
metered water very nearly the same the percentage taps 
metered, the inference would that the unmetered consumers were not 
making excessive use water, and that little, any, reduction 
consumption (including waste) would result from extending the use 
meters. case, however, percentage the total consump- 
tion used few consumers, through meters, this deduction may 
not warranted. Again, cases where 100% the taps are 
metered, only 60% the consumption accounted for 


meters, then the loss from leakage, the public use water, both, 
must very great. 
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MINUTES MEETINGS. 
THE SOCIETY. 


November 6th, 1901.—The meeting was called order 8.45 
M., President James Croes the chair; Charles Warren 
Hunt, Secretary; and present, also, members and guests. 

The minutes the meetings September 25th and October 
and 16th, 1901, were approved printed the Proceedings for 
October, 1901. 

The presentation the paper entitled Water-Works 
Guantanamo, Cuba,” Rockenbach, Assoc. Am. Soc. E., 
was postponed until the evening November 20th, 1901. 

Adams, Assoc. Inst. E., addressed the meeting 
Bacterial Sewage Disposal Practiced England, and illustrated 
his remarks with original lantern slides. The subject was discussed 
informally Messrs. Rudolph Hering, Brown, Emil Kuich- 
ling, James Owen, James Croes and Adams. 
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Ballots were canvassed and the following candidates were declared 
elected: 


Baker New York City. 
ALEXANDER Jr., Butte, Mont. 

Frank Oscar Burlington, Vt. 

New York City. 
Harrison New York City. 
Pittsburg, Pa. 


MEMBERS. 


North Milwaukee, Wis. 
Easton Santa Clara, Cuba. 

Dana New York City. 

THERON Marietta, Ohio. 


The Secretary announced the election the following candidates 
the Board Direction November 5th, 1901: 


JUNIORS. 


Lewis Benton, New York City. 
New York City. 

Corwin Pittsburg, Pa. 


The Secretary announced the death THORNDIKE, 
elected Member May 7th, 1873; died October 12th, 1901. 

The Secretary announced that the Annual Convention 1902 will 
held Washington, C., during the third week May, begin- 
ning Tuesday, the 20th. 

The Secretary announced that only four additional ballots are 
necessary before the vote the appointment the proposed Committee 
Rail Sections can counted. 
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November 1901.—The meeting was called order 8.40 
M., President Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, members and visitors. 

Papers Rockenbach, Assoc. Am. E., entitled 
The Water-Works Guantanamo, Cuba,” and George Barton, 
Esq., entitled, Graphical Method for the Solution Stresses 
the Continuous Girder, applied Draw-Bridges,” were presented 
the Secretary, who also read communication the latter paper 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


November 5th, 1901, Croes the chair; 
Charles Warren Hunt, Secretary; and present, also, Messrs. Endicott, 
Haines, Hering, Knap, Kuichling, Morison, O’Rourke, Osborn, 
Ricketts, Seaman, Swain, Turner and Whinery. 

The Library Committee reported that had either actually expended 
contracted for the expenditure the $500 appropriated for the pur- 
chase new books, and recommended that additional appropria- 
tion $500 granted for this purpose. $500 
for the purchase new books was then made. 

The Library Committee reported that had entered into contract 
for the binding large number volumes periodicals, and the 
action the Committee was approved. 

The Library Committee further that the Secretary 
authorized, furnishing subject references engineering literature 
the Library the Society, members who request such references, 
make charge for such work which will reimburse the Society for 
its expenditure. 


The following resignations were accepted: John Moulder Wilson, 
James Edgar Denton. 

Committee, consisting the Chairman each the Standing 
Committees, the Secretary, and the Treasurer, was appointed draft 
the Annual Report the Board Direction, 

was decided that the next Annual Convention the Society 
held the City Washington, C., beginning the 20th May, 
and covering the subsequent days the third week May, 1902. 

Applications were considered, and other routine business trans- 
acted. 

One candidate for Associate and four for Junior were elected.* 

Adjourned. 


See page 238. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day- 


Wednesday, December 4th, 1901.—8.30 for member- 
ship will canvassed, and Allanson-Winn, Inst. E., Ire- 
land, will address the Society The Protection and Improvement 
Foreshores the Utilization Tidal and Wave Action,” illustrat- 
ing his remarks with lantern slides, showing the work actually 
accomplished the use long low groynes Dymechurch, Deal, 
Southwold, Cromer, Mundesley and other places the East Coast 
England; Borth, Wales; and Middlekirk and Mariakirk, 
Belgium. 


Wednesday, December 20th, 1901.—8.30 m.—At this meeting 
paper, Charles Tutton, Am. Soc. E., entitled Proposed 
Solution Some Hydraulic Problems,” will presented for discus- 
sion. 

This paper printed this number Proceedings. 


ANNUAL MEETING. 


The Forty-ninth Annual Meeting will held the Society House, 
January 15th and 16th, 1902. The Business Meeting will called 
order o’clock Wednesday morning. The annual reports will 
read, officers for the ensuing year elected, members the Nomi- 
nating Committee appointed, and other business transacted. 

The arrangements for excursions and entertainments will 
announced later. 


NOMINATING COMMITTEE. 


The Constitution provides that the Annual Meeting each year, 
seven Corporate Members, not officers the Society, one from each 
the geographical districts, into which the Society divided for this 
purpose, shall appointed the meeting serve for two years. 
The usual blank request for suggestions representatives 
each district, for presentation the meeting, will soon mailed 
Corporate Members. 


ANNUAL CONVENTION 1902. 


The Thirty-fourth Annual Convention the Society will held 
Washington, C., beginning Tuesday, May 20th, 1902. 
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REDUCTION THE PRICES BINDINGS FOR TRANSACTIONS. 


The large and constantly increasing number members who take 
advantage the standard bindings furnished the Society has made 
possible the cost these bindings, and, the new 
arrangement will into effect with the first the year, members will 
hereafter receive the benefit the reduction. 

The same standard excellence these bindings will main- 
tained, while the charge per volume for half-morocco binding will 
reduced from $1.20 $1.00, and for cloth from cents cents. 


q 
| 
q 
; 
_&§ 
7 
4 7) 
| 
4 
e 


242 


CURRENT TECHNICAL LITERATURE. 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(October 10th November 13th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current articles, which can referred 
anu available engineering libraru, can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 
Proceedings, Eng. Phila., 1122 


Girard St., Philadelphia, Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 

Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, 
Institute, Hoboken, J., 

(9) Engineering Magazine, 
30c. 

(10) Magazine, New York City, 


New York City, 35c. 

(12) The Engineer (London), International 
ews Co., New York City, 35c. 

(13) News, New York City, 


(14) Record, New York 
(15) Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 
(17) New York 
(18) Engineering Review, 
Chicago, 
(19) Scientific American Supplement, New 
York City, 10c. 
(20) Iron Aae, New York City, 10c. 
(a1) Engineer, London, Eng- 
(22) Iron and Coal Trades Review, Lon- 
don, England. 
(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 
(24) American Gaslight Journal, New 
York City, 
(25) Engineer, New York City, 


Electrical London, England. 
27) World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New Water-Works 
Assoc., Boston, 75c. 

(29) Journal, Society Arts, London, 
Engiand. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annaies del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
seis, 

(32) Memoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines. Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


40) Railway Age, Chicago, 

41) Modern Machinery, 

(42) Transactions, Am. Inst. Elec. 
New York City, 50c. 

Paris, France. 

(44) Journal, Military Service Institu- 
tion, Island, New York 
Harbor. 

(45) Scranton, Pa., 


(46) American, New York City, 


(47) Engineer, Manchester, 
(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., 50c. 
(59) Transactions, Mining Institute 
and Newcasile- 
olis, Ind., 25c. 
(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 
(62) Manufacturer and 
World, Ninth St., Pittsburg, 
(63) Minutes Proceedings, Inst. E., 
London, England. 
(64) Power, New York City, 10c. 
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Modern Practice Bridge Shop Work.* W.H. Pratt. (4) Oct. 

Some Old Examples Bascule Bridges.* (4) Oct. 

The Redheugh Bridge, Newcastle-on-Tyne.* (11) Oct. 18. 

The Physical Condition and Safety under Present Loads the New York Brooklyn 
Bridge.* (13) Oct. 10. 

The Condition the Brooklyn Bridge. Report Philbin, District Attorney, 
Duryea, Joseph Mayer. (14) Serial beginning Oct. 12, 
ending Oct. 19. 

The Luxemburg Stone Arch Viaduct.* (14) Oct. 12. 

Expert Report the Improvement the Brooklyn Bridge Terminals. (13) Oct 17. 

Methods Construction the New Cambridge Bridge Substructure, Boston, Mass.* 
Sanford Thompson, Assoc. Am. Soc. (13) 


Bridges with Transverse Articulation and Freely Suspended Floors.* 
17. 


The Manhattan Terminal the Brooklyn Bridge.* Oct. 18. 
The Northport Bridge.* (14) Oct. 19. 

The Rockville Bridge the Pennsylvania.* Hardt. (15) Oct. 25. 
Bridges the Pan-American Exposition Grounds.* (14) Oct. 

The Brooklyn Bridge Terminal Report. (17) 
Melan Arch Park Bridges Washington, D.C. W.J. Douglas. (13) Oct. 31. 
Experiments French Metal Bridges. (14) Nov. 

The Rockville Stone Arch Railway Bridge.* (14) Nov. 

Ponts-Bascules Systéme Page.* (33) Oct. 19. 


Electrical. 


The Transmission Power from Niagara Falls.* Lewis Stillwell. (42) Aug. 
and Sept. 


Apparatus for Photometry. Charles Matthews. (42) Aug. 


Sept. 
Efficiency Multiple Voltage Control Electric Power Transmission. Lehman 
Hoit. (1) Sept. 


Pol Electric Working.* Eborall. (29) Serial beginning Sept. 13, ending 
ov. 

Blue Printing Electric Light.* (58) Oct.; (18) Nov. 

Exhaust, Water and Condenser Piping for Electric Power 
tation. 

Parallel Running Alternators 4?) Oct. 

Electrical Oscillations High Frequency.* Arthur Abbott. (4) Oct. 

Some Fundamentals Electric Meters. Haskins. (42) Oct. 

Metering Electrical Energy. Harry Davis. (42) Oct. 

Theoretical Investigation Some Oscillations High Potential Alternat- 

ing High Potential Transmissions. Charles Proteus Steinmetz. (42) Oct. 

Battersea Central Electric-Power Station. (12) Oct. 

Electric Conduits. (26) Oct. 

Light and Traction Croydon.* (26) Oct. 

Battersea Electricity Works.* (26) Oct. 

Electrically Equipped Tube Works.* (22) Oct. 

Breakdowns Electrical Machinery.* Michael Longridge, (47) Oct. 


Alternator.* Edward Heitmann. (27) Serial beginning Oct. ending 
ct. 19. 


The American Nernst Lamp.* (26) 11. 
Keighley Electricity Works. (26) Oct. 11. 
The Power Station Jaice, Bosnia.* (12) Oct. 11. 


California; Power Transmission System, Colgate Plant.* (27) 
ct. 12. 


Note Loaded Conductors. (27) Oct. 12. 
Simple and Efficient Mercury Jet Interrupter for Ray Induction Coils.* 
Cunningham. (27) Oct. 12. 
Electrical Installation and Decorative Work Connection with Exposition Buildings. 
Luther Stieringer, (14) Oct. 12. 
The Power Plant the Colonial Hotel, Nassau, Bahama Islands.* (14) Oct. 12. 
Power Plant the Andun-le-Tiche Biast Furnaces and Collieries.* (22) 
ct. 18. 
Triple-Expansion Engines (for electric lighting). South Shields. (12) Oct. 18. 
Walthamstow Electricity Works.* (26) Oct. 18. 
London Central Station.* (27) Oct. 19. 
The Modern Power House, Including the Use Cooling Towers for Condensing Pur- 
150-Ton Crane.* (19) Oct. 19. 
Power Electric Transmission Plant for St. Petersburg, Russia. (13) 
24. 
The Cooper-Hewitt Vapour (26) Oct. 25. 
Electromotors, Limited.* (26) Oct. 25. 
Electric Lifting Magnets.* (46) Oct. 26. 
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Electrical—(Continued). 


The Theory the Electrolytic Rectifier. (27) Oct. 26. 

Walla Walla, Wash., Electrical Transmission Plant.* (27) Oct. 26. 

New Electrolytic Generator.* Nov. 

Large Alternators. Ball. Jr. (10) Nov. 

The Snoqualmie Falls Power Co.’s Installation. (45) Nov. 

Great Electric-Power Installations Italy (Vizzola-Ticino, Lombardy).* Enrico 
Bignami. (9) Nov. 

The Standardization Electrical Apparatus. J.T. Broderick. (9) Nov. 

General Electric Company’s Constant Current Transformer for Alternating Series Arc 
Lighting.* (Report the Franklin Institute, through its Committee Science 
and the Arts.) (3) Nov. 


Coherence: The Evolution Observation. Alfred Varley. (26) 

ov. 

Equipment the Largest White Goods Factory the World.* (27) 


ov. 

Lighting and Heating the Graham Court, New York.* (14) Nov. 

The Electric Cable Span Carquinez.* (46) Nov. 

The Protection Fire and Police Telegraph Systems from High-Tension Currents and 
Lightning. Walter Petty. (19) Nov. 

The Rise Electric Power Distribution. Alton Adams. (27) Nov. 

Means Measurement the Angle Lag and the Power Factor with Voltmeter. 
George Hanchett. (27) Nov. 

Modern Electric Light Accounting. (27) Nov. 

Nernst Lamp Patents. (27) Nov. 

The System the Pan-American (Exhibit the Stanley Electric Manufactur- 
ing (27) Nov. 

The New Bell Telephone Exchange, Cortlandt Street, New York City.* (27) Nov. 

Important Power Station Work Kansas City. (27) Nov. 

Wireless Telegraphy.* Frederick Collins. (27) Nov. 

The Storage Battery Telephone Work. Nov. 

Les Moteurs Tramways Société Frangaise (36) Sept. 25. 

Les Derniers Progrés Télégraphie sans Fil.* (36) Sept. 25. 

Usine Electrique Malakoff (Seine).* Ch. Dantin. (33) Oct. 

Fabrication des Cables Electriques.* Oct. 12. 

Pinson. (33) Oct. 12. 

Traction sur Ligne des Invalides Versailles.* (33) Oct. 26. 

Traction Electrique Unités Multiples, Systéme Sprague.* (33) Oct. 26. 


Marine. 


The Oscillating Engine the Connecticut.* (64) Oct. 

The Arrangement and Equipment Shipbuilding Works.* James Dunn. (12) Oct. 
(abstract) (47). Serial beginning Oct. 12, ending Oct. 19. 

Dry-Dock Foundation Kiel, Germany, Laid from Floating Caisson with Com- 
pressed Air.* (13) 

The Reconstruction the Turkish Battleship Mesoudie.* (11) Oct. 11. 

The Russian 25-Knot Cruiser Novik.* (12) Oct. 11. 

The Demolition Dry-Dock Walls. (14) Oct. 12. 

Fuel Sea.* (12) Oct. 18. 

Steel Schooner.* (46) Oct. 19. 

Floating Dock for Khartoum. (12) Oct. 25. 

The Russian Battleship Retvizan.* (46) Oct. 26. 

British Cargo Boat Machinery: Twenty Years’ Progress.* Walliker. (10) Nov. 

The Economical Speed Ships. Tennyson-D’Eyncourt, Inst. (10) Nov- 

The Electrical Equipment Messrs. Palmer’s Shipbuilding Works.* (11) Nov. 


Armoured Cruiser King Alfred: Constructed Messrs. Vickers, Sons, and Maxim, 
Limited, Barrow-in Furness.* (11) Nov. 


Electric Power Distribution Navy Yard.* (27) Nov. 
Mechanical. 


The Steam Pump. Joseph Riley. (7) Sept 


Heat Efficiency Gas Engine Modified Point Ignition. C.G. Kerr. (64) Oct. 

Belt Wheel Accident Philadelphia.* (64) Oct. 

Steam Consumption from Compound Engine Diagrams. (64) Oct. 

The Hydraulic Compression Air. Webber. (64) Oct. 

The Operation Wire Rope Multiple Laps.* William Hewitt. (8) Oct. 

Angular Variation Steam Engines.* (42) Oct. 

Angular Velocity Steam Engines Relation Paralleling Alternators. Walter 
Slichter. (42) Oct. 

Test Capacity and Economy Boiler Motor Carriage. Charles Chasteney 
and Howard Watkins. (8) Oct. 

New Liquid Fuel Burner.* (22) Oct. 

Drive Marine Engine Works. James Crighton and Riddell. 

Oct. 
The Standardization Gas Engine Nomenclature. Albert Stritmatter. (62) Oct. 10. 
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Highly Superheated Steam Engines. (62) Oct. 10; (24) Oct. 21. 

The Mechanical Handling Coal, Ore, and Pig-Iron.* (22) Oct. 11. 

The Ezekial (46) 12. 

Modern Boiler Problems. (14) Oct. 12. 

Test Industrial Power Plant. (14) Oct. 12. 

Water Gas the Destructive Distillation Coal. Vivian Lewes. (24) 

ct. 14. 

The New Ideal Engine Lathe.* (20) Oct. 17. 

Some Notes Friction. Dunbar. (62) Oct. 17. 

Loss Economy the Inefficient Combustion Fuel.* Bement. (26) Serial 
beginning Oct. 18, ending Oct. 25. 

Coal Shipping India.* (22) Oct. 18. 
Headech’s Heavy-Oil Motor the Glasgow Exhibition. Constructed Messrs. 
Stuart Co., Ltd., London Road Iron Works. Glasgow.* (11) Oct. 18. 
Small Screw Gauge—Report the British Association Committee, appointed Consider 
Means which Practical Effect can given the Introduction the Screw 
Gauge proposed the Association Oct. 18. 

The Strength Drop-Forged Crane Hooks.* John Oct. 18. 

The Steam Plant the Fall Mountain Electric Light and (14) Oct. 19. 

Engines for Driving Large Dynamos.* Chas. Day. (47) Oct. 19. 

The Laval Steam Turbine.* (14) Oct. 19; (13) Oct. 24: (62) Oct. 24. 

Further Notes Retort House Practice. Earnshaw. (24) Oct. 21. 

The Fosdick Holloway Drilling Machine.* (20) Oct. 24. 

The Acme Gas for Fuel, Light and Power Purposes.* (20) Oct. 24. 

The Manufacture Metal Brake Beams.* (40) Oct. 

The System Tinplate Rolling.* (22) Oct. 25. 

Gas Versus Electricity. Alton Adams. (27) Oct. 26. 

The Purification Boiler Feedwaters.* (47) Oct. 26. 

The Nash Gas Engine.* (13) Oct. 

New Steam Vacuum Pump with Positive Valve Motion.* (13) Oct. 31. 

The Acetylene Gas Generator.* (21) Nov. 

Burning Bituminous Coal: The Difficulties Encountered Effecting Complete Combus- 
tion; Their Causes and Means for Remedying Them. Booth. (45) Nov. 

Combined Steam and Hydraulic Power Plant Richmond. Va.* (64) Nov. 

Determine the Weight Water Boiler. Lawford Fry. (25) Nov. 


The Diesel Motor.* (Report the Franklin Institute, through its Committee Science 
and the Arts.) (3) Nov 


The Lubrication Machinery.* (41) Nov. 

Modern Machine Tools: Comparison Some British and American Designs.* Ewart 
Amos, Inst. (10) Nov. 

Tachometry. (10) Nov. 

Starting Cross Compound Condensing (64) Nov. 

21) Nov.; (11) Nov. 

The Tooling Machines.* John Ashford. Serial beginning Oct. 
11, ending Nov. 

Plastic Pressure Tube Expander.* (12) Nov. 

Manufacture Briquettes from Wood Waste.* Gustaf Heidenstam. (12) Nov. 

Vertical Compound Air-Compressor the Glasgow Exhibition: Constructed Messrs. 
Duncan Stewart and Co., Limited, (11) Nov. 

Winn’s Automatic Water Gauges.* Nov. 

125-Horse-Power Nash Gas Engine.* (14) Nov. 

Plant the United Railways Electric Company, Baltimore.* (14) 

Ov. 

Moorwood-Bennett Carburettor for Gas Engines. (47) Nov. 

with Reference the Use Cast Steel for Boiler Mount- 
ngs. 47) 

Tar and Water from Water Gas. McKay. (24) Nov. 

Wilson’s Gas Motive Power Plant.* (24) Nov. 

Floating Cranes.* Waldon Fawcett. (62) Nov. 

Instructions for Boiler Attendants. Dixon. (62) Nov. 

The Pratt Whitney Screw Machine Adapted for Key Work.* (20) Nov. 

Steam Shovels for Trench Excavation.* (13) Nov. 


Automatic Stokers the General Electric Works, Schenectady, 
ov. 


Regenerative Accumulator for Exhaust Steam.* (14) Nov. 
Model Tramway and Sampler.* James Steele. Nov. 


General Specifications for Gasoline Motor Car. 
The Horse Power Gas Engines. (19) Nov. 
The Roze (19) Nov. 

Retort Ovens Producers Gas.* Littleholes. (24) Nov. 11. 


ard Leonard. (19) Nov. 
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Mechanical—(Continued). 


Examin Optique des Surfaces Métalliques pour Prévenir Rupture des Piéces Ma- 
chines. Vinsonneau. (36) Sept. 25. 
Machine—Outil Transportable Universelle.* Morin. (33) Oct. 
Carburé.* Laverchére. (33) beginning Oct. 12, ending 
19. 
Tours Actionés pour Arbres Coudés Grandes Dimensions.* Ch. 
Dantin. (33) Oct. 19. 


Usine Gaz Riche Acétyléne Compagnie des Chemins Fer Paris-Lyon- 
Méditerranée. (33) Oct. 26. 


Metallurgical. 


The Effect upon Steel Work Different Temperatures.* (13) Serial 
beginning Oct. ending Oct. 10. 

Copper, Yellow Metal and Naval Brass. Martin. (62) Oct.10. 

The Development the Pig Casting Machine.* A.E. Fay. (20) Serial beginning Oct. 
10, ending Oct. 17. 

Waste Heat Iron Making. (62) Oct. 24. 


with American Blast Furnace Erected Mariupol. Brezgunow. (22) 


The Eliza Furnace Plant.* (20) Oct. 31. 

The Iron and Steel Industries Sweden.* Robert Hunt. (10) Nov. 

Steel Forgings for Factory Engines.* Porter. (64) Nov. 

Pneumatic Concentration; the Process, and Description the Method Construction 
and operation the Hooper Concentrator.* Wilson. (45) Nov. 

The Electrical Burner for Blast Furnaces. Grammer, Am. Inst. (13) 


Les Progrés Métallurgie, celle Fer exceptée, 1889 1900. Gautier. (34) 
Serial beginning July, ending Oct. 


Military. 


The New 50-Caliber Rapid-Fire Guns the United States Navy.* (46) Oct. 12. 
Tractors for Military Purposes. (11) Nov. (47) Nov. 
Notre Nouvelle Artillerie.* Léo Dex. (36) Sept. 25. 


Mining. 
The Colliery the Crow’s Nest Pass Coal Company.* (22) 


Life-Saving Appliances Mines. (47) Oct. 
Mining Lower California. (16) Oct. 12. 
New Mine Lamp Using Acetylene Gas.* (16) Oct. 12. 
Acetylene Mining Lamp.* (13) Oct. 17. 
Mining British Mining District; Boulder, Pine and Spruce Creeks; 
Munro Mountain.* Wm. Brewer. (16) Oct. 19. 
The Morro Velho Gold Brazil.* (16) Oct. 19. 
Fatal Accidents British Mines. (16) Oct. 19. 
The Mineral Resources New South Wales.* Rickard. (16) Oct. 19. 
New Idea Quarrying.* (13) Oct. 24. 


Mining and Metallurgical Industries Mexico.* Joseph Struthers. (16) 
26. 


Casing and Tubing for Oil Wells. (62) Oct. 31. 

Oil Springs Rio Blanco County, Colorado—Description the Whiskey Creek Oil 
Region; Analyses the Oil.* Arthur Lakes. (45) Nov. 

New Quarry Machine.* (45) Nov. 

The Employment [ron Bars the No. Pit, Sens Colliery, France—The Form Bars 
Using them Support the Roof while Working.* 

Tunnel Schemes: The Standard Cripple Creek, Compared with the 
Arthur Lakes. (45) Nov. 

Machine Mining the Pittsburg District, Its Progress and Prospects; Observations 
the Use Mining Machines. Daniel Boden. (45) Nov. 

Geology West Virginia: History and Description the Different Formations and 
the Valuable Minerals Found I.C. White. (45) Nov. 

The Mining Development Gilpin County, Colorado.* Thomas Tonge. (9) Nov. 

Geographic and Geologic Features Mexico: Notes their Relation the Mineral 
Products.* Robert Hill. (16) Nov. 

The Sullivan Electric Chain Coal Mining Machine.* (16) Nov. 

The Aultman Car Hauls and Retarders.* (62) Nov. 

Piece Difficult Shaft Sinking Developing the Salt Mines Grand Cote Island, 

The Mining and Milling Gypsum Kansas.* W.R. Crane. (16) Nov. 


Miscellaneous. 


The Forester, Engineer. (4) Oct. 


The Engineering Management Industrial Works. William Ennis. (9) Nov. 
The Future Power Problem. T.C. Mendenhall. (10) Nov. 
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Municipal. 


The Latest Ideas Standard Rattler Tests for Brick Paving. (13) Oct. 10. 

Pavement Guarantees. Geo. Tillson. (14) Oct. 12; (60) Nov. 

(14 ct. 26. 

Wooden Pavements Home and Abroad. (14) Oct. 26. 

Public Works Boston. (60) Nov. 

Report the Special Committee Uniformity Municipal Accounting and Na- 
tional Statistics: American Society Municipal Improvement. (60) Nov. 

Report Special Committee Proper Construction and Maintenance Brick Pave- 
ments: American Society Municipal Improvements. (60) Nov. 

The Possibilities the Use Coal Tar Bituminous Pavements. Fred Warren. 


(60) Nov. 

The Merits Portland and Natural Cements for Street Foundations. 
Rush. (60) Nov. 

Recent Experiences with Wood Pavements. Wheeler. (60) Nov. 

Asphalt Pavements the Borough Manhattan, New York. Edward North, 
Am. Soc. (14) Nov. 

Road Specifications Improved? Halbert Powers Gillette. 
13) Nov. 


Railroad, 


Fire Risks Railways. (61) 
Railway Signalling.* (26) Serial beginning Sept. 27, 
ending Nov. 
The Zossen Polyphase Railway Installation for Experimental Trials with Speeds 
Miles Hour.* Walter Reichel. (27) Serial beginning Sept. ending Nov. 
Railway Stock; Present and Norman Macdonald. (47) Serial be- 
ginning Sept. 28, ending Oct. 

One Central Railway Terminal for Chicago.* (4) 

The Coupler. Some Its Shortcomings and Remedy for the Same. 
Sanderson. (42) Oct. 

and Bogie for 65-Ft. 6-In. Carriages: and Northwestern Railway.* (21) 


ct. 
The North-Eastern Six-Coupled Express Engines. Charles Rous-Marten. (12) 


ct. 

Brakes Railroad and Street Car Service. (40) Oct. 11. 

The Derail: Its Past, Present and Possible Future.* Wileman. (15) Oct. 11. 

Buenos Ayres and Valparaiso Transandine Railway. Arthur Sleigh. Oct. 11. 

Modern Practice Railway Signalling.* Timmis, (11) Oct. 11. 

Rolling Stock Construction Italy.* (11) Oct. 11. 

Buried Clay Ballast. W.Shea. (18) Oct. 12. 

obtained from the Use Broken Square Joints? Bradley. 
ct. 12. 

and Transfer Plant for the Chicago Erie Hammond, Ind.* (18) 
ct. 12. 

Turntables Power. (40) Oct. 18. 

The New Shops the Central New Jersey.* (40) Oct. 18. 

Wagons High Capacity for British Railways.* (11) Oct. 18. 

The Chicago Joliet Electric Railway. (13) Oct. 24. 

Oil Burning Systems for Locomotives.* (13) Oct. 24. 

The Experimental Car the German Association for the Study 

Railways.* (13) Oct. 24. 

Goods and Mineral Traffic. (12) Oct. 25. 

The Air Brake. (15) Oct. 25. 

100 000-Lbs. Capacity Steel Flat Car—Chicago Alton Railway.* (15) Oct. 25. 

Oiled Roadbeds.* Waldon Fawcett. (46) Oct. 26. 

Brakes Railroad and Street Car Service. Nellis. (17) Oct. 26. 

Ten-Wheel Compound Freight Locomotive, Baltimore Ohio Railroad.* (18) Oct. 26- 

Train Resistance Formulas.* John Crawford. (13) Oct. 31. 

Compound Locomotives the Buenos Aires Great Southern Railway.* (21) 
ov. 

(4-coupled) Express Passenger Engines: Great Northern Railway.* (21) 


ov. 

Tests Wide and Narrow Firebox Locomotives, Southern Pacific Railway. (25) Nov. 

Machining Radial Locomotive Trucks, American Locomotive Company.* (25) Nov. 

Eighty Thousand Pounds Capacity Tank Cars for Oil Water, Atchison, Topeka 
Santa Railway.* (25) Nov. 

New Method Constructing Pistons, Central Railroad New Jersey.* (25) Nov. 

The Vanderbilt Steel Hopper Coal Car, 100600 Pounds Capacity; Lackawanna Iron 
Steel Company.* (25) Nov. 

New Locomotive and Car Shops Concrete Construction; Central Railroad New 

Tests Light and Heavy Locomotives, Illinois Central Railroad. (25) Nov. 

Railway Fares. Horace Bell, (21) Nov. 

The Economy Electricity Motive Power Railways Present Driven 


Tilustrated. 
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Railroad—(Continued). 

The Bolster vs. the Side Bearing. Nov. 

25-Ton Bogie Coal Wagon the Glasgow Exhibition; Constructed Messrs. 
Pickering and Co., Limited, Wishaw.* (11) Nov. 

The Brighton Railway Suburban Widening. (12) Nov. 

The Uganda Railway, Kikuyu Inclines.* Nov. 

Interurban Electric Roads and City Roads. Nov. 

Steam Distribution for Locomotive Engines. .T. Herr. (40) Nov. 

Flexible Copper Bonds the Baltimore Ohio Belt Line.* (17) 


Tandem Compound Locomotive for the Northern Pacific Railway.* (46) Nov. 

The Train Staff System.* (18) Nov. 

The Relation All Flanged Engine Tires Track.* Wilson. (18) Nov. 

Cost Reducing Methods Railroad and Car Shops. George Scott. (18) Nov. 

The Lining the Musconetcong Tunnel Without Interrupting Traffic.* Willard 
Beahan, Am. Soc. (13) Nov. 

Train Despatching. (15) Nov. 

The Present American Railroads. Thomas Woodlock. (15) Nov. 

The Rock Island’s New Line Paso.* (40) Nov. 

Topeka Santa Improvements, Albuquerque, New Mexico.* (40) 


Report Boiler Explosion—Lancashire and Yorkshire Railway.* (15) Nov. 

New Pile Driver, Boston Maine (18) Nov. 

Note sur Construction Ligne Toul Pont Saint-Vincent.* Descubes. (38) 

Serial beginning May, ending Oct. 

Equilibres des Locomotive Série des Chemins Fer 

37) Sept. 

Frein Electro-Pneumatique Siemens pour Chemins Fer. (36) Sept. 25. 

Locomotive Compound Grande Vitesse, Quatre Cylindres, Hanovrienne 
Constructions Mécanique. Barbier. (33) Sept. 28. 

Machine Grande Banlieue deux Bogies Compagnie Chemin Fer Nord. 
Bosquet. (38) Oct. 

Etude sur Statistique Comparée des Ruptures Avaries Bandages Roues 
Pleines une Seule Piéce des Chemins Fer Allemande pendant les 
Années 1887 1896. Biard. (38) Oct. 


Les Essais Comparatifs Freins Executés sur Chemin Fer Mars, 
1901. (36) Oct. 10. 


Railroad, Street. 
Modern Electric Railway Practice. Albert Armstrong. (42) Aug. and 


ept. 

Electric Railway Apparatus. Ernst Berg. (42) Aug. and Sept. 

Automatic Block Signaling the Boston Elevated.* (15) Oct. 11. 

Trolley Wires and Their Prevention. Andrew Jamieson. (11) Oct. 

17) Nov. 

The Influence Polyphase Apparatus the Design Railway Power Stations.* 
Woodbridge. (27) Serial Oct. ending Oct. 19. 

The Best Form Car for City Service.* Eugene Chamberlin. (17) Oct. 12. 

The Relation Interurban Roads City Roads. Ira A.McCormack. (17) Oct. 12. 

and Direct-Current Transmission City Lines. M.S. Hopkins. (17) Oct. 


Recent Tramway Practice. (26) Oct. 18. 

The Best Manner and Mode Conducting the Return Circuit the Power House. 
Connette. Oct. 19. 

The Storage Batte ocated the Power Station. W.E. Harrington. (17) Oct. 19. 

The Adoption Electric Signals Suburban and Interurban Railways Single 


and Their Economy Operation. William Pestell. (17) Oct. 19; 

The New York Rapid Transit Line.* (26) Oct. 25. 

Moving Long Brick Wall (New York Rapid Transit Ry.).* (14) Oct. 26. 

The System the New Orleans Carrolton Railway Company.* (17) Nov. 

Storage Batteries and 60-Cycle Railway Rotaries.* Edward Reynolds. (17) Nov. 
The Service Capacity Railway Motors. Storer. (17) Nov. 

The Automatic Train Recorder the Brooklyn Rapid Transit Company.* (17) Nov. 
Modern Electric Railway Switchboard Practice.* G.U.G. Holman. (17) Nov. 

The Electric Tramway Colombo, Ceylon.* (17) Nov. 

The Boston Elevated Railway.* Nov. 

Progress Construction the Rapid Transit Tunnel. (46) Nov. 

Some methods the Construction the Rapid Transit Subway.* (46) Nov. 

The Farnham Third-Rail System.* Nov. 

Tramway Malakoff-les-Halles.* Ch. Dantin. (33) Oct. 12. 

Les Tramways Parisiens 1900. Charles Jean. (33) Oct. 19. 


Sanitary. 


The 14th Ave. Sewer and 60th St. Sewer Tunnel Work, Brooklyn, Y.* (13) Oct. 10. 
Papers Read before the Glasgow International Engineering Con- 
gress. (13) Oct. 10. 


Tilustrated. 
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Sanitary—(Continued). 


Sewage disposal Leper Asylum.* (12) Oct. 11. 
Ventilation and Heating the Denver Shops the Colorado (14) Oct. 12. 
Sewer Ventilation Experiments Leicester, England. (14) 
The New Sewage Disposal Plant Madison, Wis. Assoc. Am. Soc. 
(13) Oct. 17; (14) Oct 19: (60) Nov. 
The Septic Tank System Glencoe, (14) 
Hot-Water Heating Chicago Residence.* (14) Oct. 19. 
The Decarie Garbage Crematory Minneapolis.* (62) Oct. 24. 
Septic Tank and Double Contact Filter Beds for Treating the Sewage Glencoe, 
Recent Sewerage Work Worcester, Mass.* (14) Oct. 26. 
Combination with Stations. J.S. Highfield. (14) 
Sanitary Works. James Croes, Pres. Am. Soc. (14) 
Septic Tanks and Bacterial Contact Beds. Gilbert Fowler. (14) 


Desséchement Zuiderzée.* (36) 
des Liquides dans les Georges Vellut. (30) Oct. 


Structural. 


Columns, Struts, Stanchions and other Compression Members. Serial beginning 
Dec., 1900, ending 1901. 
The Determination Alkalies Portland and Natural Cements. Thos. Stillman. 
Robert Henry Smith, Assoc. (12) Oct. 11; (abstract) 
Use Steel Concrete (19) Oct. 12. 
The Strength Brace Pins.* 
Girders the Colonial Building, Oct. 12. 
American Grain Warehouses Elevators. (12) Oct. 19. 
The Tremont Church Roof, New York.* Oct. 19. 
The East Orange Town Hail Roof.* (14) Oct. 26. 
Examples Concrete and Metal Municipal Structures.* (14) Oct. 


Under the Tarsney Act and Suggestions for Modifying It. Wm. 

the Building, New York.* Nov. 

Weight Tests Rapp Floor Arches.* (14) 

New Offices and Works the Union Switch Signal Co.* (18) 

Essai des Métaux par Choc sur Barreaux Méthode Aug. 
Dutreux. (33) Sept. 28. 


Water Supply. 


The Water Meter asa Agent. M.N. Baker. Oct. 10: (60) Nov. 

The Burlington’s Water Supply Galesburg.* (40) Oct. 11. 

Great Sluice Gates for the Works.* ‘Oct. 12. 

Continuous Water Softening.* (12) Oct. 18. 

Belfast Water Supply.* (12) 

The Periyar Dam and Irrigation Works, Southern India.* (13) Oct. 24. 

The Purification Feed Water. Oct. 25. 

Water Purification, Chicago, Burlington Quincy: Process.* (25) Nov. 

Pumping Engines Hampton.* (12) 

Water Supply Block New York Tenements.* (14) Nov. 

The Reclamation and Irrigation the Kistna Delta, India.* (13) Nov. 

Power ments Northern Indiana.* Nov. 

The Cassel Self-Regulating Water Wheel.* Segundo. (16) Nov. 

the Virginia Electrical Railway Development Co., Richmond, Va.* 

Compléments Notre Deux Questions Mouvement Varié des 

Eaux Courantes. Haerens. (30) 


Waterways. 


Lighting the Scottish and Coasts: Recent Improvements. David Steven- 
The Dortmund and Ems Oct. 
11) 


Resistance des Matériaux Hydrauliques Mer. Camerman. (31) 


Bank Revetment the Lower River.* Vasseur. Oct. 31. 
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ACCESSIONS THE LIBRARY. 


(From October 10th November 13th, 1901.) 


GENERAL SPECIFICATIONS FOR HIGHWAY BRIDGE SUPERSTRUCTURES. 


Paper, 6ins., pp. The Osborn Engineering Co., Cleveland, 


The Contents are: Drawings; Floors and Pavements; Wheel Guards and Curbs; 
Car Tracks and Trolley Poles; Railways; Lighting; Name Plates; Loads; Unit Stresses; 
Details Construction; Quality Material; Workmanship; Inspection and Tests; 
Erection; General Conditions. 


THEORETICAL ELEMENTS BLECTRICAL ENGINEERING. 


Charles Proteus Steinmetz. Cloth, ins., pp., 
illus. New York, Electrical World and Engineer, 1901. $2.50. 


The first part this work comprises the fundamental principles both alternating 
and direct currents. The second part series monographs the more important 
electrical the intention being present all their characteristic features 
regards both external and internal structure, action under normal and abnormal condi- 
tions, individually and connection with other apparatus, etc. The work has been 
restricted those apparatus which experience has shown practical importance, 
and only those theories and methods have been given which, the author’s opinion, 
extended experience the design and operation has shown practical utility. 
The Contents are: General Special Apparatus—Synchronous Machines, Com- 
mutating Machines, Synchronous Converters, Induction Machines. There index 
seven pages. 


THE ELECTRO MAGNET. 


Townsend Wolcott, Kennelly, Richard Varley. Second 
Edition. Cloth, ins., 127 pp., illus. $1.00. (Donated Richard 
Varley.) 


This book consists three parts, one being written each the authors. The 
first part general description the electro magnet and its properties; the second 
part the relative values the windings electromagnetic coils; the third part 
and tables. 


THE CONSTRUCTION GASOLENE MOTOR VEHICLE. 


Bramwell. Cloth, 149 pp., illus. Published 
Emil Grossman Bro., New York, 1901. $2.00. 


This work intended supply the want handbook the gasolene motor, and 
the result series articles that subject written for the Motor 
Vehicle Review. The headings chapters are: Principle Which Motors Operate; 
Methods Mixing Gasolene and Air; Hints about Combustion; Means Ignition; 
Electric Ignition; Method Obtaining Electric Current; Relative Efficiency Trans- 
mission Devices; Elements Power; Motor; Designing Vehicle; Motor Construc- 
tion; Mounting Motor Vehicle; Gears; Complete Frame 


GAS ENGINE CONSTRUCTION. 


Practical Treatise Describing the Theory and Principles the 
Action Gas Engines Various Types and the Design and Con- 
struction Half Horse Power Gas Engine, with 
the Work Actual Progress, together with Dimensioned Working 
Drawings Giving Clearly the Sizes the Various Details; for the 
Student, the Scientific Investigator and the Amateur Mechanic. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 
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Henry Parsell, Am. Inst. E., and Arthur Weed. 


Cloth, 296 pp. New York, Norman Henley Co., 1900. 
$2.50. 


The authors have endeavored this book give the amateur, first, broad and 
thorough knowledge the principles various forms gas engines; second, full 
and concise description the making regular gas engine practical shop 
methods; third, set modified rules for designing similar engines. The work 


supplemented guide list books and periodicals useful the student. There 
index four pages. 


HAND-BOOK FIRE PROTECTION FOR IMPROVED RISKS. 


Everett Crosby and Henry Fiske. Leather, 7x4 ins., 
312 pp., illus. Boston, Press Standard Publishing Company, 
1901. (Donated the 


This work amplification the handbook published 1896 the Underwrit- 
ers’ Bureau New England. intended meet the needs those inspecting im- 
proved risks, and contains standards, regulations, lists and tables pertaining their 
work. There index eight pages. 


ROAD MAKING AND MAINTENANCE. 


Practical Treatise for Engineers, Surveyors, and Others. With 
Historical Sketch Ancient and Modern Practice. Thomas 
Aitken, Assoc. Inst. Cloth, ins., 440 pp., pl., 
illus. Philadelphia, Lippincott Company, 1900. $6.00. 


This treatise divided into two parts. The first relates the making and main- 
taining macadamised roads, while the second deals with carriageways and foot- 

paths. The author statesin the preface that the information relating the system- 
atic making and repairing roads and streets for the most part the result 
experience the practical work constructing roads and their subsequent main- 
tenance, extending over considerable number years. The methods carrying out 
the work and the cost each operation are given detail. the second part, all the 
recognized kinds material used the paving carriageways and footways, and the 
latest methods construction adopted the principal cities and towns England are 
described. The cost forming and the comparative wear are also given 
detail. The Contents are: Road Making and Maintenance—Historical Sketch; Resist- 
ance Traction—Wheels and Weights Them; Laying Out New Roads, and the Im- 
provement Existing Lines Communication; Drainage, Retaining 
Walls, Culverts, Bridges, and Protection Roads; Road Materials Metal; Quarry- 
ing; Stone-Breaking and Haulage; Road-Rolling and Scarifying; The Construction 


New, and the Maintenance Existing Roads; Carriageways and Footways—Pre- 
liminary Remarks—Foundations and Pitched Pavements; Wood Pavements; Asphalte 
Pavements; Brick Pavements, Tar Macadam, and Miscellaneous Materials Used for 
Carriageways—Conclusions; Footways, Kerbs, Channels, Gullies, Paving Materials for 
Footpaths; Subways; Recapitulation. There index fourteen pages. 


INDEX THE AMERICAN RAILWAY MASTER MECHANICS’ ASSOCIATION 
PROCEEDINGS. 


From Vol. Vol. inclusive. Compiled George 
Mendenhall, Committee. Half Leather, ins., 206 pp. Chicago, 


printed The Henry Shepard Company, 1901. (Donated the 
Association.) 


PRACTICAL ELECTRIC RAILWAY HAND BOOK. 


York, Street Railway Publishing Company, 1901. $3.00. 


The author’s attempt this volume has been present all such data are directly 
applicable the construction, testing operation electric railway systems, 
such appliances, structures and methods have been adopted practice street rail- 
ways the United States. The use mathematics and formulas has been limited 
far possible make the book useful the great majority practical worke 
and bring down condensed volume possible. Contents are: Gene 
Tables; Testing; The Track; The Power Station; Line; The Car House; The Repair 
Shop; The Equipment; The Storage Batteries and Boosters; Underground 
Conduits. There index eight pages. 
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THE IMPROVEMENT TOWNS AND CITIES; 


Or, The Practical Basis Civic Msthetics. 
New York London, 1901. $1.25, net. 


The purpose this book not exhaustive discussion the improvement towns 
and cities, but, reviewing the whole broad field modern effort, tries pick out the 
salient points, declare the best that has been done along every line, and how and 
when and where was done. show the co-ordination the efforts 
the different lines, the dependence each upon all the others, order secure logi- 
harmonious result; grasp them all, group them logically single volume 
and show the relative positions. The Contents are: Foundations Civic Beauty—The 
Site the City, The Street Plan, The Elementary Construction; Beauty the Street— 
Suppression and Repression, The Advertisement Making Utilities Beautiful, 
The Tree’s Importance, Possibilities Gardening; Phase Social 
anthropic Effort—Parks and Drives, and Playgrounds, Architectural Devel- 
opment, Architectural Obligations; Phase Educational Effort—Function and 
Placing Sculpture, Popular Education Art; Means Secure Civic 


Work Individuals and Societies, Work Officials; Conclusion; Appendix. There 
index eleven pages. 
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Manual Theoretical and Practical Sanitation. For Students 
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Factory, Food, and Other Inspectors; well for Candidates for 


All Municipal Sanitary Positions. 
$1.50 net. 


New York, John Wiley Sons, 1901. 


the preface the author states that while does not pretend have written text- 
book the subject Sanitation, hopes have succeeded the subject 


condensed and practical form, enable the student 


candidate make 


creditable showing the civil service competitive examinations, well subsequently 


fill one the sanitary positions. 


The Contents are: Sanita 


Science; Sanitary 


Practice; Sanitary Inspection; Sanitary Law. There index eleven pages. 
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any its publications. 


PROPOSED SOLUTION SOME HYDRAULIC 
PROBLEMS. 


PRESENTED DECEMBER 1901. 


the meeting this Society, September 4th, 1901, Messrs. 
Gardner Williams, Clarence Mubbell and George Fenkell, 
presented paper entitled, Experiments Detroit, Mich., the 


Effect Curvature Upon the Flow Water Pipes,” which, 
among other propositions, they advanced the theory that the true 
form the velocity curve the water flowing pipe ellipse. 
the discussion which followed, the writer presented new theory 
the viscous flow liquids, and, assuming that the pressure, 
measured the difference heights observed two circumferential 
piezometers, could considered applying over the entire cross- 
section the pipe, deduced therefrom that the true velocity curve 
ellipse. 

the present paper the same theory will applied open 
channels, and attempt will made solve determinately the 
much-discussed but never-answered question, why the maximum 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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velocity found below the surface such channels. “The other dis- 
cussion forms particular case the present; therefore, even 
the risk being tiresome, some the statements therein made will 
repeated here, but they will much more fully developed, 
order make the explanation complete. Others, again, must 
modified. 

preliminary step, let assumed that uniform motion 
exists the stream, meaning this that the motion along each fillet 
uniform and parallel the longitudinal axis the stream, and that 
the total resistance motion composed two entirely different, 
yet mutually dependent classes resistance, one being the so-called 
friction along the bed and sides the stream, the other, the internal 
resistances the liquid itself, the so-called viscosity. 

The method generally used the textbooks to-day, devel- 
oping formula for the flow liquid open channels, 
consider the mass liquid body invariable volume sliding 
down inclined plane under the action its own weight, this 
assumption being the foundation the formula. The 
usual interpretation this supposition restricted that gives 
correct results only the case when the axis the curve which 
represents the curve mean velocity found the free surface. 
The maximum velocity would then found this axis, but, 
matter observed fact, the maximum velocity seldom never 
found there. One the objects this paper prove that this 
necessarily so, which can done extending the generality in- 
terpretation the above, entirely independent method. 

The First Ordinary Method.—The usual method treating this 
problem may stated follows: Ina stream which the surface 
and bed, are parallel (Fig. 1), let 
mass fluid density flowing with 
uniform motion, then, prism con- 
sidered width unity, length and depth 
prism, referred axes parallel and perpen- 
dicular the free surface, the end pressures 
and are equal, being respectively equal equal depths, and hence 
annul each other. The normal pressures, the surface and 
the bed, need not considered, fluid friction supposed 


Pie 
a 
q 
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which the surface makes with the horizontal, 

would the component the weight this body fluid the 
direction motion, which must equilibrium with the friction 
the bed, the viscosity between plane layers (modified their 
motion) depth from the free surface. 

The writer objects this statement, and, most emphatically so, 
the limitation ‘‘from the free.surface,” which, although not always 
expressed, always understood.* This the weight 
erroneous statement the case, necessitated the axes used, and 
the use this expression which has caused confusion. The writer 
considers that this component applies, not the aggregate mass 
measured from the free surface, but each individual and elementary 
fillet whatever its position; other words, that this component repre- 
sents uniform pressure, over the entire end, the prism, 
and isthe same per unit area over any fillet wherever located, and that 
results, simply because this pressure being taken over 
aggregate area not because any fixed depth below the free 
surface below any other point, but because the number fillets 
considered. 

The Other Theorem states that any stream, 

provided the motion uniform, the fluid 
incompressible and friction disregarded; 
other words, the sum the velocity, 
pressure and potential heads constant. 
the figure the arrows marked and represent the atmospheric press- 
ure, which constant, and therefore equal. The depths liquid 
and Dare equal, the top and bed slopes being parallel, hence the 
totals the pressures developed the weight the water are equal. 
As, supposition, the velocity uniform, therefore the velocity heads 
must equal. order, then, that Bernouilli’s Theorem true, 
the velocity and pressure heads annul each other, the potential heads 


Dupuit des Eaux,” specifically states this. also quotes 
Prony the same effect. 
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must equal. Now, the potential head this case would the 
height the bed the stream above any arbitrary horizontal plane 
reference, necessarily horizontal gravity acts vertical lines. 
Taking, then, this plane through the point would zero, but h,, 
instead becoming zero with it, becomes equal Then, 
has not disappeared with follows that resistances must exist, 
and also, order that the motion uniform, these resistances, 
developed the stream and along its beds and sides, must 
equilibrium with this head; other words, the motive force due 
the stream, and this pressure, applied the end each and 
every individual fillet, which equilibrium with the viscous and 
frictional resistances. This pressure the line direction motion 
would sin. over each individual fillet the entire end 
section; or, the fillet have area would sin. aa, 
immediately reverting the form the weight the fillet, but 
showing this case that the particular position the fillet has 
bearing the question, but that sin. end pressure, the 
equation taking the form weight simply because multiplied 
the area the fillet. 

There are other ways proving this, but, believing suffi- 
ciently demonstrated the preceding, there results the following 
hitherto unnoticed law: 

Law.—The cause motion liquid due pressure the 
end section, which pressure that due head liquid measured 
uniform over the section, and normal direction the 
line action gravity, being also the same plane normal the 
line flow, well-known principle fluid motion. 

The above pressure applied over given area the 
weight mass liquid length and area nevertheless, the 
pressure on, and not the weight of, the liquid fillet itself, that causes 
the motion. This strict conformity with the process used the 
previous discussion, while the ordinary assumption not. 

Viscous Resistance.—Next consider the resistances due viscosity. 
the previous discussion was simply stated, assumed 
that what has been called the ‘rate distortion the liquid, varies 

Particular attention called this, showing that motion results from surface 


the bed having nothing with it. believed that this was first 
1836 Pierre Vauthier, Ingenieur Chef des Ponts Chaussées. 
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not only direct ratio the distance the filament from the center 
the tube, but also with the velocity that filament.” This but 
partially expresses the general law, and criticism Mr. James 
Seddon* leads the writer suppose that this statement proved 
light, the following explanation} given: 

two plates (Fig. 3), and the force neces- 

sary move it, being the area the 


plate over which the force acts. Further, suppose the force 
vary uniformly with its distance from one the plates. Then 


viscosity, and will the ‘rate distortion’ the liquid.” 


ratio, and this Navier’s supposition for viscous resistance, adopted 
all writers capillary flow, Helmholtz, Stokes, Lamb, Bassett 
and others, and which, developed, results the parabolic theory 


flow. The writer assumes that varies also with the velocity the 


vdv 


any where else the stream, the stress any other fillet, per unit 


sidered from the axis maximum 
velocity. From the foregoing 
definition, this must measured 

General Formula. Let the 
shaded portion Fig. represent 
indefinite width, and let the thickness the prism considered, 
perpendicular the plane the paper, taken Also 
assume co-ordinate axes, one which lies the free surface and the 


Proceedings for October, 1901. 
Due, part, and Wolff, The Engineer January 1897. 
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other perpendicular it, the origin being taken Suppose, 
further, that thread plane maximum velocity exists depth 
from the surface the stream. The distance any filament from 
this axis may then referred the surface writing for 
the equations deduced with the axis maximum velocity one 
the co-ordinate axes. The resultant pressure any point the end 
section the stream has been shown that due column 
water height sin. s/in the direction motion, where has 
the ordinary signification difference level between end sections 
divided their distance apart; that say, the fall per unit 
length. The pressure the end any prism will then and 
the area aggregation such prisms being referred 
the surface, the width has been assumed unity, the total 


pressure will 


The viscous resistances will cause the consecutive prisms 
parallel the axis maximum velocity, slide upon each other inde- 
pendently the sliding the total mass upon its bed, such manner 
that the development the motion per unit time (usually second), 
what has been termed the previous discussion the velocity 
represents the motion the entire prism along the bed the 
stream, and which resisted friction the bed only, and 
represents the excess motion due the liquid prisms sliding upon 
each other during that unit time, the variation motion caused 
the viscous resistances. 

Velocity Curve.—Consider, first, the viscous resistances which cause 
the velocity curve. 

Assuming that the viscous resistances between filaments per unit 


coefficient viscosity, and which expresses that the viscosity varies 
both with the velocity and with the rate distortion the liquid 
referred the axis maximum velocity also, considering the 
same nature the frictional coefficient far that may repre- 
sented force, and introducing factor take into considera- 
tion the actual depth the stream, the frictional resistance over the 
length between consecutive filaments the distance from the thread 


i 
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Adding this (1), the equation equilibrium results 
Writing for and integrating, 
But, when becomes the maximum velocity, 


From this, which value, substituted (2), gives, after 


easy reductions, 


showing the curve velocity ellipse, the semi-axes which 
are maximum velocity and the distance that maximum velocity from 
the bed the stream. 

This may said apply strictly only that portion the curve 
below the axis maximum velocity. simplify the discussion, 
the actual resistance between water and air unknown, will 
assumed liquid resistance, and that the same curve holds above 
the axis maximum velocity. 

simplify the results, let thus expressing the depth 
axis percentage total depth, also let surface, maxi- 
mum, Vip mid-depth, and mean, velocity the elliptic 
head, the depth the mean velocity. 

Making Equation (2), becomes V,, and 


(8) 
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For the mean velocity the elliptic head 


oO 


integrating which 


which will abbreviated placing 


The depth this mean velocity found placing this value 
the place Equation (4), then substituting the value from 
Equation (6), and there results 


For mid-depth velocity there found the same manner 


must remembered that all that which precedes under this 
heading relates solely the elliptic head. 

Motion Along the Bed.—For the portion which the 
velocity not only uniform, but equal each fillet, and the motion 
which resisted the friction the bed alone, the ordinary as- 
sumption made that the resistances are proportional the square 
the velocity, the equation equilibrium per unit length will be, 
being the frictional resistance expressed force, 


This equation would obtain the mass liquid which applies 
were considered body sliding down inclined plane. 

General Equations for Flow.—In the value Equations (5) 
(13) the different forms equation arising from giving values other 
than unity have been shown the previous discussion. may also 
stated that change this value would only change the absolute 


D 
2 

e | 
) 
: 


996 HYDRAULIC PROBLEMS. [Papers. 


value without affecting the area the curve the total 
volume the elliptic head. Assuming then replacing its 


value Equation (11), and adding (14), there results, for total 
mean velocity the vertical considered, 


and similarly for the 


Equations (15) (19) comprise the fundamental formulas for the 
flow water vertical section stream indefinite width, and 
define the velocity curve. The values the different elements will 
found Table No. 

Momentum and Kinetic Energy.— Consider next the change mo- 
mentum and kinetic energy this stream compared with the same 
had all the fillets the mean velocity This discussion, which 
model for clearness presentation, taken from Flamant’s Hy- 
draulique.” 

any stream let the area the transverse section, 
element the same, the mean local velocity this 
element, which velocity supposed parallel the general 
direction motion, nearly that the deviation direction may 
neglected, and the velocity the whole section defined the 


equation, 
a 


the integral being taken over all the elements the section. 


Calling the total discharge per unit time, and its element, 
there results 
dQ=uda, 


| 
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ENERGY. 


| 


= 
| x 
2 > > | = = x 
0.225 0.775 0.7416 1.4491 0.0810 0.6567 0.6436 0.0662 1.1735 
0.625 0.5000 1.2247 0.0861 0.7122 0.0378 0.5262 0.0530 1.1377 
Comparing the momentum and kinetic energy this stream with 
his what would all the fillets had, place their individual 
ral velocities, the mean velocity, and calling the weight unit 
volume the liquid the mass flowing unit time across the 
the 
element will and the momentum and kinetic energy 
corresponding the liquid passing through that element will 
respectively 
ent, 


Replacing its value, and summing these quantities 


over the entire section, the resulting momentum and kinetic energy 
will 


‘ 
| | 
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while, had these fillets the mean velocity the corresponding quan- 
tities would have been 


and 
or, placing for its value 
Comparing for momentum the quantities and 
for kinetic energy the quantities daand let the excess, 


positive negative, the individual velocity any fillet over the 
mean velocity that 


Now multiplying (21) integrating over the entire section 

which, from the definition mean velocity (20), gives 

Multiplying (22) and (23) integrating and substituting this 
result, 

da, 

consequently, the ratio the actual momentum that which corre- 
sponds the mean velocity 


and the ratio the kinetic energies 
which will here represented 


Flamant considers negligable, but here will not considered. 
This discussion establishes the remarkable fact that account the 
inequality velocity the fillets, both the momentum and the kinetic 


energy the stream are greater than they would had all the fillets 
the same velocity. 
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Applying these the problem under consideration, and 
remembering that has been shown that 


and 


whence 


will quite general consider the elliptic head only, present, 


then, simple integration, 
and similarly 
1+ + (1 — 2 n)?* (30) 


APPLICATION STREAM INDEFINITE WIDTH. 


«.—The formula for mean velocity vertical 
section has been shown 


which dependent the position the axis maximum 
velocity. Should the case exist when readily seen that 
expresses the ratio the mean velocity the elliptical head the 
velocity v,, this latter velocity being taken 

Assume, first illustration, that the maximum velocity the 
elliptic head equal the velocity Then the two portions 
velocity Equation (17) are equal, 

and the viscous resistances can only equal the frictional resistances 
when when the axis maximum velocity the surface 
and This the condition, and the only one, which 
the ordinary assumption body sliding down inclined plane 
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applicable. All its formulas result from making Equations 


(15) (19), and from Equation (10), would become 


Suppose, second case, and common case observation, that 
the mean velocity the head two-thirds that (which, the 
way, similar the pipe formula), then, Equation (31) there must 

then must result But, from Table No. this 
value Mcorresponds depth axis two-tenths nearly, and 
0.651 

If, third case, the maximum velocity lies 0.1 depth, then, 
the mean velocity the head equal 0.726 or, the maxi- 
mum velocity the head equals 0.9 with 0.632 

From these and similar results the following general deductions 
are apparent. 

1.—Pulsation, rise and fall mean and maximum velocity 
rivers, caused the variation temperature the water, which 
causes different degrees viscosity between the filaments, and the 
pulsations themselves are due the struggle for equality between the 
resistances due viscosity, and those due fluid friction the bed 
and sides the stream. 

2.—It follows that the axis maximum velocity not always 
necessarily the geometrical center pipe.* 

3.—lf viscosity constant for given temperature, would 
follow that rough channel the elliptic head would relatively 
longer than smooth channel, although the total motion would 
less, not understanding, this connection, roughness creating 
eddies and absorbing energy, but rather one the friction 
which higher. 

Relation Mean Mid-Depth Velocity.—Considering the three 
cases above-named give nearly the same result 


Detroit, Mich., the Effect Curvature Upon the Flow 
Water See pp. 344 and 


ree 
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Major Alexander Mackenzie, his Meter Observations 
the Mississippi,” which the curves were determined simul- 
taneous observations six meters vertical, found for his 
average result: Ratio 0.958. 

But, should not equal this ratio would far from constant. 

follows that the 5-ft. depth rule Humphreys and Abbot, and 
also all rules depending single surface-velocity observations, are 
but approximate. 

Application Channels Limited Width.—While not difficult 
form the elementary equations, which, under the present theory, 
would take the general form 

they would general very difficult integrate, and, the 

hydraulic radius can substituted for the formulas here 

given, within the limits practice, and without exceeding the allow- 

able error such development will not here 
attempted. 


Transverse Curves.—All transverse curves will evidently 
general elliptic form, modified the the last paragraph, 
usually having two different. branches natural streams, meeting 
tangentially over the curve maximum velocity, and will largely 
influenced the figure the bed, has been announced all 
careful experimenters. Major Cunningham, his Roorkee Experi- 
ments,” considered them quartic ellipses. 

Justification the Elliptic Form Experiment.—-As easy mul- 
tiply comparisons, there will but one curve figured here. This 
taken random from Major Mackenzie’s Current Meter Observations 
the Mississippi,” being his No. 24, which gave the result reading 
six meters operated simultaneously for consecutive minutes, regis- 
tered electrically, and which, the writer errs not, were undertaken 
result the discussion the paper* the late James 
Francis, Am. Soc. E., entitled ‘‘On the Cause the Maximum 
Velocity Water Flowing Open Channels being below the Surface.” 

The calculations involved the foregoing are follows: The maxi- 
mum velocity evidently around depth 3.6 ft. 0.175 
3.78 ft. Then 0.6453 13.938 ft. For 0.175 and 


Transactions, Am. Soc. E., Vol. vii, pp. 109, 168. 
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1.315, from which 1.086. Placing this Equation (4), with 
21.6, and adding each result, the last column Table 


No. results. 


TABLE No. 
Experimental result. |Mackenzie’s Present theory. 
3.6 2.401 2.401 2.401 
6.6 2.375 2.394 2.386 
9.6 2.370 
12.6 2.271 2.260 
15.6 2.096 2.128 
18.6 
Middenth 2.328 2.312 


Mackenzie found 0.2, nearly, 4.2 ft., with 14.32 ft. 
Humphreys and Abbot’s rule gave, for value 2.260 ft. Here, 
without trial curve preparation, the calculation gives close re- 
sults the more elaborate method, having for data simply the total 
depth the stream, together with the value the maximum velocity 
and its depth. Although the formula slope formula, the curve 
may quickly determined from few observations 

Relation Momentum and 
plotted the curve kinetic 


energy due variation 
velocity the head only, for 


stream unlimited width, CURVE KINETIC ENERGY 


Table No. the ELLIPTICAL ONLY. 
abscissas being the depth axis 

expressed parts depth, and the ordinates the values the kinetic 
energy, 

This curve shows that the kinetic energy the stream decreases 
the axis lowers, and the position this axis has been shown de- 
pend upon the relation between viscosity and the bed friction, ex- 
pressing the ratio the mean velocity the head that »,, 
assuming that the resistance the surface the same that be- 
tween the fluid fillets. the kinetic energy thus shown 
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crease the axis falls, can stated, although the limits are 
ill-defined, that: 

account the principle the least expenditure energy, and 
under normal conditions temperature water and bed friction, 
the axis maximum velocity should found below the surface, but 
should never exceed about 0.425 depth, the actual depending 
solely upon the relation 

The value Table No. should multiplied the square 
the ratio the mean velocity the head the total mean velocity, 
and that the cube the same, or, what the same thing when 


and respectively, for the true values 


yand Thus, the second illustration, when 
readily found, that 

Then 3689 3689 


taking 


No. 0.0682 and 0.0253, the correct values become, 


least energy that could developed under the conditions com- 
pared with that developed the stream had all the fillets the mean 
velocity apparent from the curve energy that this less 
than would have been were the maximum velocity the surface. 
General Remarks.—Whatever the form the curve velocity be, 
and some the preceding deductions are independent this form. 
should possess two properties: Its branches should over 
the point maximum velocity, and should terminate tangentially 
the bed. would seem that curve abruptly cut off the bed 
should slip along it. hard conceive ‘the fluid torn apart 
would required parabolas, hyperbolas, etc., although, the 
supposition here made that the resistances would insensibly 
glide into each other. The ellipse the proper curve, 
other essential requisites are lacking the circle. Navier’s theory re- 
quires parabola. The writer expressed the belief (but will not 
strongly insist upon it) that the Poiseuille coefficient viscosity was 
based improper theory, for the reason that the experiments were 


q 
ae, 
25 
.20 
Z 
15 
2 
etic 
ases 
de- 
ex- 
f Vo 
be- 
J 


1004 TUTTON HYDRAULIC PROBLEMS. [Papers. 


carried with capillary tubes, and was thought, when the remark 
was made, that the coefficient found was rather that friction the 
sides the pipe than that viscosity, capillary attraction practically 
annulling the dome.” 

This theory and that the previous paper can readily made 
apply orifices and weirs, well pipes and channels, avoiding the 
necessity coefficients contraction.” For instance, circular 
orifice with sharp edges, would necessarily zero. The volume 
the elliptic head, and consequently would then be, maximum, 
the area being unity. This would modified 
only. Assuming coefficient velocity 0.985, there obtained 
gh, agreeing exactly with Boussinesq’s deduction 
intricate method approximation. would not the 
standard tube, hence would greater. This, however, foreign 
the subject. 

Final Summary.—The foundation this paper the discovery 
the law, hitherto not recognized, that the motion fiuids the 
result pressure the end section, and, consequently, each indi- 
vidual fillet moves under the action force which equal its 
weight, applied its end, and owes nothing the weight the 
fillets surrounding it. Consequently, axis maximum velocity 
may established any point the section around which, 
parallel which, the fillets may flow with the same velocity. 

With definite air resistance, the curve might modified above this 
axis, but, considering this resistance fluid resistance the curve 
velocity may referred solely viscosity and bed friction, with 
the results hereinbefore given. 

The assumption the law viscosity gives form equation 
such that the laws motion may readily traced, and seems agree 
well with experiment, and while many careless readers may see the 
form, will found they will follow the line reasoning. 

may stated that the case bed smooth becomes 
the first term Equation (15) would neglected indeterminate, 
the viscous resistances still remaining resistance flow, revert- 
ing case somewhat similar sharp-edged orifice which the 
velocity lies entirely the elliptic head and zero. 
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This discussion does not apply floods where constant surface 
supplies are added the stream. 

may finally stated that Theorem was fought 
bitterly before was finally accepted established. This may be, 
but the writer sees other way prove the actual, established fact, 
which all the theory the world cannot controvert, that the axis 
maximum velocity open stream is, the great majority cases, 
below the surface. 

will undoubtedly asked, the motive force not due 
the weight the liquid itself, where does come The reply 
this is, that due atmospheric pressure. has been assumed 
that the resistance between the air and the moving liquid the 
nature viscosity, that say, that the air contact with the 
liquid surface moves with it, contradistinction the immovable 
bed. But does not follow that the upper layers air follow any 
such law. Replacing, therefore, the atmospheric pressure the 
surface the height shown barometers the same kind liquid 
that considered, the barometers the two ends the section 
would act independently, and the difference pressure would 
equal the height column the liquid considered, due the 
slope the surface. This considers channel pipe with one 
fixed and one movable wall. The resistance overcome measured by, 
but not caused by, the weight water contained it. The ordinary 
assumption would then, strictly, require the axis maximum velocity 
always above the surface. 

one two the writer has simply said weight, when 
the weight the direction motion” should have 


been used, but trusts the context will render the meaning plain, and 
avoid confusion. 
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Discussion.* 


Mr. Miller. CHARLES Am. (by was with 
much interest that the writer read this paper, and hoped 
that will have the effect desired the author, namely, bring out 
the reasons why current meters are believed unreliable. The 
writer, after wide experience, firmly believes that, under the condi- 
tions usually existing river-discharge work, and with the proper 
amount care, results are obtained that are within the true 
values. After fruitless efforts account for sudden changes 
apparent errors the workings current meters from day day, 
gratifying note that, under the favorable conditions stated 
the paper, ‘‘there appears constant error the Small Price 
meter work April 12th.” This difference, without 
doubt, due some change the meter itself, and not any error 
the work observing; and something that may expected 
any time. Had rating this meter been made that day, the 
change might have been indicated; but itis quite likely that would 
not have shown sufficient difference from previous ratings account 


*This discussion (of the paper Edward Murphy, Assoc. Am. Soc. E., 
printed Proceedings for September, 1901) printed Proceedings order that the 
expressed may brought before all members the iety for further 

Communications this subject received prior December 27th, 1901, will printed 
subsequently. 
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for all the change, thus leaving the same unexplained. Very often, Mr. Miller. 
meter will work this way for several days even week, and then 
suddenly drop back its old standard. 

The writer had charge some experimental work the Missis- 
sippi River New Madrid, Mo., about year ago, having two Price 
meters and one Haskell meter. These were rated and worked pairs 
all times, thus presenting good opportunity for comparisons. 
Having left the service before fully completing the reductions, and 
not having any the reports figures hand (the same not having 
been published yet), this discussion will but general charac- 
ter. The final figures several instances will show slightly greater 
differences discharge than 5%, but believed that this mainly 
due the fact that the observations were taken from skiff, which, 
was afterward found, was not sufficient stability insure results 
from which accurate comparison could made, many the 
observations having been taken during windy weather. find 
what effect the movement the skiff would produce, was securely 
anchored, during calm weather, current running between and 
ft. per second. The Haskell meter was lowered from one side 
the skiff and one the Price meters from the other side, both the 
same depth (about ft.). The registrations revolutions each, 
for periods from minutes, were noted; then, for similar 
periods time, the skiff was caused rock from one side the 
other short intervals, and the registrations recorded, the movement 
the skiff giving the meters vertical motion from ft. 
Under this motion the revolutions the Price meter increased, while 
those the Haskell meter decreased, but proportion than 
the increase the Price meter, showing that the error due insta- 
bility support greater the Price than the Haskell meter. 
Lack time prevented more extended observations, and differ- 
ent velocities current, which probably would have evolved some 


fixed difference due the different construction the meters ques- 
tion. 


During the observations mentioned, all possible care was exercised 
eliminate errors, far the comparison between the meters was 
concerned. means automatic register for the Haskell meter, 
ordinary relay (the ticks which were counted) for the Price 
meter, and stop watch, was possible for one observer the 
work, and this was adhered all times. 

was while making these observations that the writer noted the 
difference the workings the meters, and especially the two 
Price meters when side side, for could then noted once. 
They would often vary much without any apparent cause 
whatever. Frequent ratings were made with great care, but without 
discovering the cause for such changes. 
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With regard the unaccountable differences discharge between 
different stations the same river, having different observers, the 
writer believes that partly due the different methods rating 
the current meters, the lack care conforming uniform 
method. Along the Mississippi River often difficult obtain 
proper base for rating meter, and times done water 
insufficient depth, causing the meter affected the ‘‘drag.” Full 
and careful rules for all ratings should formulated and the same 
strictly adhered to. 

Another point which has often been noted, and which again 
brought out the experiments mentioned the paper, that dis- 
charges current meter will generally average little more than 
those obtained other methods. 

good discharge cannot found the Mississippi 
River, for the conditions any section that may selected will 
vary very much for stages the river; and this factor, 
more than any other, causes the differences discharges between 


different stations. They are not due the meters being 
good.” 


speaker that, general proposition, there should have been serious 
doubt expressed regarding the efficiency the current meter. This 
instrument, its simplest form, was invented one hundred years ago, 
Woltman, hydraulic engineer, Hamburg. has been used 
continually ever since, and has been gradually improved be- 
come more convenient handling and reading the results. 
other instrument has been used much determining directly 
the velocity streams. 

Like all measuring instruments, has its limitations degree 
accuracy and range applicability. Its value, therefore, should 
sought only within such limitations, which are, for instance, 
water free from suspended floating matter, the latter may inter- 
fere with the movement the wheel its axle, which may 
change its rating. The accuracy this meter, therefore, naturally 
reduced when gauging sewage water carrying much fibrous matter; 
yet, under such conditions, the accuracy weir measurements 
must also discounted, certain extent. Further, when 
stream shallow, that the wheel not entirely submerged, 
when influenced local currents, produced irregular bed, 
the accuracy the wheel suffers, and better methods gauging are 
preferred. Also, when the velocity the water very slight, 
current meter not the proper instrument use, because the force 
impelling the wheel, due the velocity the passing water, does not 
differ much from that which necessary overcome the frictional 
resistance the apparatus. This force, therefore, less distinguish- 
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able, and the velocity less capable accurate measurement, the Mr. Hering. 
revolutions the wheel. 

For very shallow streams and for those which the velocity very 
slight, that is, not more than about ins. per second, and where the 
water carries much suspended matter, the current meter should not 
used. Under these conditions, weir measurement would, unques- 
tionably, give more reliable and more accurate results. For deeper 
and larger streams, and where the current swift, meter will give 
high degree accuracy, and the expense measuring water its 
aid usually much less than building weir. Where existing 
dams are used, also questionable whether current meters will not, 
under some conditions, give more accurate results. 

might added that weir measurement more recent practice 
than the use the current meter. Not until the late James Francis, 
Past-President, Am. Soc. E., established suitable coefficients, 
Lowell, nearly fifty years ago, could weir formula used under proper 
conditions for cases demanding high degree accuracy. Since then, 
there have been developed still other accurate methods measuring 
the quantity flowing water, particularly pipes, each method having 
its special sphere, within which has advantages over the others. 


SHERRERD, Am. Soc. E.—Within the limits men- mr. 
tioned the author, viz., the speaker has had quite implicit 
faith the accuracy current meters when carefully used. 
doubt, the reason why weir measurement much oftener adopted 
because the ease with which river can measured different 
stages its use. Obviously, the current meter used (as often 
done advantage where dam exists), necessary make con- 
stant observations, which take much time and great care order 
get anything like the accuracy obtained from weir measurements made 
dam having fairly level crest; and, the form the cross-sec- 
tion any stream changes with the rise and fall the water surface, 
numerous additional observations would necessary obtain the 
flow the use current meter, while only one reading for each 
change would required dam weir. 
result seems have been obtained with two meters when used near the 
surface the water. will noticed that the two velocity curves 
cross each other point less than ft. from the surface, that is, 
accurding the diagram, the Haskell meter gives much higher veloc- 
ity near the surface, while the Price meter seems give much lower 
one. Possibly the construction the meters accounts for this varia- 
tion. The upper portion the vanes the Haskell meter may have 


been just above the surface the water, while the other meter, revolv- 
ing horizontal plane, could kept entirely submerged, the axis 
each meter being the same elevation. 
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The author says: 


The mean abscissa each curve was then computed, which the 
mean velocity for the whole cross-section. The discharge the product 
the cross-sectional area and the mean velocity.” 


would seem necessary divide the cross-section into hori- 
zontal layers and take mean velocity for each horizontal layer get 
the quantity. Perhaps that what the author means, using horizontal 
layers uniform thickness. These horizontal layers, however, should 
quite numerous order insure results. 


admirer the accuracy current-meter work, within proper limits. 
This admiration based years observation and experience 
with these instruments, under all kinds and conditions river and 
tidal current work. Long experience has brought out the 
strong and weak points, adapted every-day practice. 
proper state that the writer’s experience has been largely con- 
fined the propeller types meters, with two and four blades. 

The good results shown the author’s experiments prove con- 
clusively the value meter work, says, under favorable con- 
ditions,” all which perfectly true; but, exactly this point, the 
engineer’s troubles begin develop. very large percentage all 
the river gauging has make not under favorable conditions. 
During low stages the river the flow quiet, the stream lines are 
practically parallel and are right angles the cross-section, the 
meter work generally good and the results inspire complete confi- 
dence. Unfortunately, when the flood waters begin come down, 
the whole character the stream flow changes, much so, that the 
general down-stream velocity, which desired, indescribably 
mixed with other turbulent velocities, which are, course, 
entirely independent and particular interest value for gaug- 
ing purposes. The meter, nature, cannot discriminate, and, conse- 
quently, makes record which may called heterogeneous mixture 
all the velocities coming it, matter what their direction may 
with reference the cross-section. Inasmuch the engineer 
wants absolutely nothing but the down-stream velocity right angles 
the cross-section, the question arises: How can get from 
such meter This important question has been the 
for some time past, and, apparently, destined stay while 
longer. 

The writer has given much time and thought trying devise 
some simple method determining, approximately, the changes 
the coefficient due different degrees turbulence 
action the flowing waters. Some standard comparison had 
adopted, and the loaded-pole float was selected the best device 
for turbulent stream flow. simultaneous observations with meters 
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and pole-floats there can obtained series modified coefficients, Mr. Conte. 
which are adapted any particular site for all stages river dis- 
charge. The results thus obtained are not altogether satisfactory, 
but, nevertheless, are decidedly better and more rational than those 
obtained the general use the standard coefficients based small- 
scale experiments canal currents. 
the engineer confined the use the canal coefficients, 
then evident that the current meter will very limited its 
adaptability. 
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MECHANICAL INSTALLATION THE MODERN 
OFFICE BUILDING. 


Discussion.* 


Mr. Bolton. REGINALD Am. Soc. E.—This paper 
somewhat The author, course, dealing with very 
wide range subjects, office building structure filled 
with apparatus that can compared the human frame. 

The necessities the the order their importance, 
are somewhat wrongly placed the author. Heating is, course, 
the vital element these buildings, all buildings domestic 
structures. Second importance, however, transportation, as, 
without transportation high buildings would folly. The third 
sewage disposal, and after these come matters convenience, such 
ventilation, the supply ice water, etc. What the author describes 
consists having ex-policeman acting hall man 
the main hall, matter that not mechanical subject, and, 
New York City, usually accomplished very easily. 

The speaker regrets that has some contradictions apply 
some the figures presented the paper, but, regards New York 
practice, they certainly should not forth being definite. 


*This discussion (of the paper Charles Darrach. Am. Soc. E., printed 
Proceedings for August, 1901) printed order that the views expressed 
may brought before all members the Society for further discussion. 

this subject received prior December 27th, 1901, will printed 
subsequently. 


Proceedings, for September, 1901, 551. 
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begin with, the author indicates the size the boiler installa- Mr. Bolton. 
tion, basing upon the cubical contents the building, most mis- 
leading element, the cubical contents have relation the horse- 
power required. There may be, for instance (and this frequently 
the case down town), very tall buildings which are completely enclosed 
their neighbors. such cases, the exposed surface very 
materially reduced, and the horse-power required them would bear 
very small relation the contents the building. The proper way 
deal with this matter take out the exposed surface and heat 
losses from the building, and compare them, extreme weather, with 
the waste steam which can provided from the various services that 
are applied, and ascertain whether the exhaust steam will suffice 
for the purpose replacing the losses, and not, what addition 
should made the boiler plant, plus some spare unit extra 
amount cover the exigencies repair. Some figures relating tall 
buildings New York City will give better idea the requirements. 
The Hudson Building, which long, narrow structure. about ft. 
wide, but nearly ft. depth, has exposed side the north, 
which will until its neighbors are built up. that building 
the speaker installed total 520 H.-P. The building about the 
same size the German-American Building the corner Nassau 
and Liberty Streets, which 320 H.-P. proved sufficient. 
the Hudson Building there are only four elevators, while German- 
American Building there are now six elevators; therefore, the cubical 
contents these two buildings bear relation all amount 
boiler plant each required. the cubical contents are used only 
avery rough estimate, about ft. might allowed 
horse-power; but the outside surface the building the real 
element computation. 

The author has not dealt with one very important point which 
would extreme value brought before the architectural pro- 
fession New York City, and that the subject chimneys. the 
course the speaker’s practice these buildings finds that the 
architects locate the chimneys according the decorative design 
the interior plan the building, and with relation the proper 
place for the boiler plant; and that they also have way asking 
engineer the area the chimney given height, and then dealing 
with that area any shape that may convenient them. The 
speaker, one instance, gave the area chimney, which the 
architects made two flues, and those flues were narrow that they were 
almost slots outer wall, further complicating that uniting the 
two flues the top, that the smoke from one boiler went one 
flue and backed down the other. Those are some the trials that 
engineers have put with. 

The question building chimneys in, one considerable im- 
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Mr. Bolton. portance. very common now use steel-plate stacks, and their 


and desirability undoubted, but the practice putting 
them practically the same size the stack, and building 
them make them positively inaccessible for all time, is, 
the speaker’s opinion, utterly wrong. While first insisted that 
stacks should placed entirely outside the building, and installed 
them the case the German-American and Bowling Green Build- 
ings, afterward persuaded architects arrange them shafts 
such size that man ona boatswain’s ladder could let down the 
shaft toattend outside the stack. Inthe Broadway Chambers 
Building, where the stack about 240 ft. high, can removed 
sections from the top, such should ever necessary, which may 
prove useful provision. That only one the troubles with 
which engineers have deal the architectural design these 
buildings. 

connection with heating and ventilation, the author gives data 
the temperatures various parts the country, but, dealing 
with New York City, gives the average temperature the heating 
season low degrees. Through the heating season, not 
low that, being 36°, but, course,when designing heating plant, 
extreme conditions must taken, and his practice the speaker 
works from zero, although has never actually witnessed zero, 
except some the sensational newspapers. 

The wind pressure the building is, the author states, very 
important element, but take only from miles hour 
extreme wind speed not, this climate, sufficient, the speaker’s 
judgment, and common practice among heating engineers 
adopt miles hour. Under such circumstances, the ordinary 
office building gives great deal trouble from the infiltration air 
through new window-casings. All heating plants are tested upon the 
first season’s use the steam, and that period, naturally, the win- 
dows are their worst. the Lord’s Court Building, which the 
speaker laid out the heating plant, there was the back large 
court, peculiar shape, and when the wind blew from the south- 
east, came over the top the building, down into the court, and 
produced plenum the lower part the court. With ane- 
mometer speed miles per hour was measured through crack 
one the windows the lower floors, and was found necessary 
take heating surface from some the upper rooms and transfer 
the lower rooms order make them comfortable. the second 
season all the windows were supplied with weather strips, simple 
precaution, easily applied. speaker’s practice makes allow- 
ance for leaky windows, assuming crevice extending around each 
window admitting cold air certain speed, and providing for that 
air heated the heating surface each room. would 
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seem simple matter, however, make tighter windows than Mr. Bolton, 
are made now. 

the present time, the speaker has charge very large build- 
ing, which has been under construction for more year and 
half. The framing the windows has been place and has been 
standing without sashes through the spring and summer, and pass- 
ing around the other day and looking the construction was able 
push his fingers between the stone sill and the wooden sill the 
window many places. remonstrating with the architects about 
it, was told the builder that that was usual condition, and that 
would plastered before they got through. say, the only 
protection received the radiator, located below the window, 
the plastering which put under the sill way stopping such 


cracks. wonder that considerable steam required some 
buildings for heating purposes, and that the engineer often greatly 
disappointed finding that, from reasons such the above, and 


which are not apparent, good plant, carefully laid out, using more 
calculated. 

The tabulated comparison two buildings, page 553,* not 
definite, because the author has introduced indirect ventilation, which 
element considerable doubt. New York City, office build- 
ings are but rarely fitted with any indirect ventilation all, and 
while that may deprecated fault, still gives chance com- 
pare directly the heating results one building with the other. 
would occupy too much time into details that nature, but the 
speaker has records number tall buildings New York City 
which are instructive, but even then all the conditions the services 
have taken into account, and they vary greatly that 
almost impossible base very definite conclusions upon 

Passing the end the author’s remarks, may stated that 
when everything has been said and done, when every element has been 
placed the building that can arranged for its economy, the oper- 
ating engineer must considered, and between him and the coal bill 
the consulting engineer has times great difficulty reconciling 
facts. 

Recently, the case large hotel which the speaker had 
planned run with from tons coal day, was told that 
they were consuming over tons day, and examination could find 
special reason for it. finally suggested that, instead changing 
the apparatus, they change the engineer, and this made reduction 

Referring again page 553,* not ‘‘the usual practice New 
York City and the surrounding district, any rate, warm the lower 
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offices the first stories and basement plenum warm-air system; 
fact, place suggesting, the author does, that 
indirect radiators placed under the windows and provided with 
air supply from outside, the speaker strongly recommends that this 
not done. The wind pressures, especially respect tall build- 
ings, are such that there possible means preventing the 
cold wind from passing through the radiators, and sometimes actu- 
ally freezing the steam the radiators, and all buildings that have 
been fitted with these devices, far aware, have either 
blocked them entirely have met with some such difficulty, 
referred to. 

that connection seems curious thing that planning 
the heating systems tall buildings the element height not 
taken into account. Some five years ago, the speaker, making cal- 
culations for surface, began using addition for the height each 
floor adding amount proportioned the square root the 
height from the street, and that way small amount surface was 
added for each floor. The result the usual practice that the 
eighteenth floor, with equal exposures, are found radiators the 
same size the eighth floor, which really entirely wrong, 
because the wind speeds increase very greatly with the height. 

The speaker endorses all that the author states with reference 
the benefits the Webster Vacuum System. installed the 
first one the German-American Building, now nearly six years ago, 
was told that time that was doing something that 
give him great deal trouble, but has turned out otherwise, 
and the vacuum system has proved exactly the right thing for 
the peculiar conditions tall buildings. has another feature 
advantage, which the author does not dwell. removing the 
moisture and condensation from the radiator rapidly formed, 
and immediately upon its being formed, possible introduce 
into the radiator very small amount steam, expanded, wire- 
drawn, lower pressure and temperature, that the temperature 
emitted the radiator can proportionately reduced. 
simply screwing down the supply valve. order improve that 
effect the speaker adopted the system very small supply pipes 
the radiators. Grand Central Station, which this was first 
done, and where radiators many 100 sq. ft. radiating sur- 
face are supplied with pipe, works very admirably indeed. 
this way the temperature can regulated from 90° the full 
temperature the steam. The speaker has been informed that the 
system supplying risers the top the building well the 
bottom has been the subject patent, but unable see how 
that method could patented. Hitherto, the mere word 
has been sufficient prevent many architects and owners from con- 


Papers.] DISCUSSION THE MODERN OFFICE BUILDING. 1017 


plying steam the single-pipe system has used the overhead, 
what commonly known the Chicago, system distribution, 
cases where the architects had provided attic; but very difficult 
get them that, because makes small addition the length 
the steel frame, and, course, adds the cubical contents the 
building, and they begrudge the necessary space. Therefore, nine 
out ten modern buildings, when supplied the single-pipe system, 
the mains are distributed the cellar, and present many difficulties 
reason the congested space. would not safe 24-story 
building reduce supply risers diameter when serving 
200 sq. ft. radiating surface, because, with that extreme height, 
the probabilities the upper portion making heavy draft upon 
the supply are great that 2-in. pipe would insufficient. 

The author remarks that the one-pipe system difficult 
conceal the pipes and provide for expansion.” That difficulty not 
great appears. the Broadway Chambers Building the supply 
comes from overhead, the larger pipes being thus above. bringing 
them down the outer walls, instead using the ordinary expansion 
joint spring the middle floor, they were swung over, concealed 
under the beams from the position one riser that the next riser, 
thus providing necessary spring without exposure. 

the subject electric lighting, the author makes the broad 
statement that these buildings ‘‘the maximum amount cur- 
rent used will vary from 60% the total There 
maximum amount. would totally unsafe assume that 
all the lamps building would never used, because that 
some instances. Sudden thunder storms come summer after- 
noon, and, while they last, every the building turnedon. 
absolutely unsafe depend upon using only 60% the total in- 
stallation. There are buildings New York City, however, which 
the generators, even with overload, cannot carry more than 60% 
the total installation, but for emergencies they depend break- 
down connection with the illuminating company. The usual prac- 
tice is, the author says, use the two-wire system 110 120 
volts, but goes advocate the use high-tension current 
220 volts. The speaker designed the wiring the Dun Building 
for 220-volt current, andthought the wiring millennium was arriving. 
The reduction the cost copper was tempting, the lamps appeared 
about the same price, and seemed advantageous 
distribute both the motor load and the electric lighting load the 
same basis from two-wire switchboard. There with the 
distribution boxes, however, because fuse letting the bottom 
would burn out the whole line. The lamps are inefficient, and, al- 
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though they are somewhat improved now, they are still not efficient 
nearly 20% the lamps 110 120 volts; nor they have 
long life, all which grounds the speaker bases his opinion that 
one should adopt the higher voltage without serious consideration. 

The 220-volt system was also installed the Lorraine Hotel. The 
tenants, assuming that the system was about the same they 
usually dealt with elsewhere, attached hair-curling tongs, portable 
lamps, fans, and all kinds electrical notions, the result being that 
the fuses were constantly blowing out, which kept the chief engineer 
busy most his time repairing breaks and grounds. The tenants 
hotels these days imagine that the current there for all purposes 
they may desire. tenant was recently found driving lathe with 
motor connected single lamp outlet, and would not pay 
anything extra for the current, either. hotel Philadelphia, the 
owner found his am-meter mounting astonishing way, and, 
paying visit some the tenants odd hour, found that they 
had removed the 16-candle-power lamps and had put 50-candle- 
power lamps all through their apartments. When was pointed out 
them that the addition was not their lease, they were very much 
offended, and some them left, though carried his point with the 
remainder. 

has been suggested that taking leaf out the enemy’s book, 
putting first lamps 10-candle-power, scratching off the number, 
course, and afterward, more light was wanted, putting 16- 
candle-power lamps which are marked 20, the tenants would feel 
thoroughly satisfied. 

The author states, page 

high-speed single-cylinder steam engine and electric generator 
properly rated will give economic results from 50% under-load 50% 
over-load. high-speed compound non-condensing engine wil] give 
economical results half-load.” 

This phrase very indefinite. Economical results are those which 
may attained under certain conditions, but proper” rating 
very indefinable element. 

The author also says: 

units are provided, each rated for one-half the maximum, 
25% load can operated without serious loss.” 

These statements are misleading, and, apparently, are written under 
misapprehension the conditions. 

practice New York sufficient attention not paid the 
economics the operating engine, and has been struggle 
with owners and architects get them spend the necessary amount, 
which, after all, small, provide compound ‘engine triple- 
expansion elevator pump. some cases they are now beginning 


Proceedings, for August, 1901. 


Papers.] DISCUSSION THE MODERN OFFICE BUILDING. 1019 


it, and the difference plain and marked. simply expressed Mr. Bolton. 
terms economy between the ordinary single-cylinder engine using 

lbs. steam per indicated horse-power, they very often do, 

and compound non-condensing engine affording the same for lbs. 

per indicated horse-power per hour. But the proper load apply 

such machinery naturally their properly designed load, and not 
over-load. the plant designed with suitable division and size 

units, may that, under all conditions, those units are being used 

which their economic load will take the then requirements. 

water supply and sewage disposal, the elements which the author 
brings forward should redistributed the order statement. 
The use water refrigerating apparatus matter which may 
interest engineers, and water department engineers, especially. 
Some the refrigerating plants, which are now being used large 
numbers New York City, are using Croton water, direct from the 
mains, and are discharging it, heated about 90°, directly into the 
sewers. ice machine will use much galls. water per 
minute, per ton refrigerating capacity. Some these buildings 
have plants tons’ capacity, operating hours day. This 
wrong use city water. New York City has gone millions 
dollars expense provide water for its absolute needs, and cannot 
provide water the price $1.00 per cu. ft. for profitable 
private refrigerating purposes for making ice private profit. 
course, present commercial transaction the part the 
owner. buys from the city water which other people are short of, 
and for which they are willing pay the same price for necessities, 
and uses for making ice less price than can buy ice out- 
side. But, even the system goes, more use should made this 
water. There being wasted this way very large quantity 
warm water which might just well used for the warm-water 
hand-basin system. building using galls. day, the 
speaker arranged that the water from the refrigerating plant, after 
passing over the condenser, ran into storage tank, and after being 
pumped into pressure drum, passed through the usual heating 
coils the general warm-water supply system the toilet rooms, 
which there are 140 the hotel. That system has worked admir- 
ably, and has cut the water bill down very much. still more 
elaborate system installed new building with larger 
plant, where there also swimming-tank, which warmed water 
will used. During the season when warmed water required 
supplied running over the absorber condenser, and then, 
after use the bath, the surplus water drawn off and utilized 
supply the water-closet flushing system the building. that 
way good necessary use can made the water after has done the 
work refrigeration. really used twice over, the owner also 
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making better profit out it. The city, however, usual, gets the 
small end the business. 

The supply water boilers can also dealt with eco- 
nomic way. The feed water may heated about 100° econom- 
ically passing the cold supply coming from the city system through 
pipe coils located the drip drum tank, where the vapors 
drips from the engines are gathered. 

The quantity water which the author calculates used ‘in 
these buildings based upon square feet office area the rate 
gall. per day for flushing water-closets, which rather too much. 
The quantity water used tall building is, course, considera- 
ble. The Postal Telegraph Building stories high, and has six 
elevators. club the top the building and large 
kitchen connection with it. The quantity water used this 
building excessive. first, when the building was opened, the 
quantity used per month was from 120 000 cu. ft. the winter 
much 190 cu. ft. the summer. Then some faucets the 
sinks the restaurant were cut out, some connections the barber 
shop were closed, and thus the consumption was cut down 
average 145 000 cu. ft. per month, about 800 cu. ft. day. 

ordinary office building with area about 4000 
sq. ft. and stories high, uses about 000 galls. day. One 
the most wasteful elements the self-flushing urinal The regula- 
tions the Building Department New York City, which assuredly 
require change, will not allow the use pull-chain device for 
flushing urinals, but require automatic system. These are com- 
left turned on, running day and night, operating every few 
minutes, according the regulation applied them, and thus wasting 
very large quantity water. That rule might very well 
the Water Department and the Building would get 
together, which they never seem do. 

Another waste water made washing down sidewalks. The 
Water Department has rule that use hose for washing side- 
walks, stoops, areas and house fronts yet any hotel 
structure put the last five years has hose plugs sill cocks 
full sight the outside the building, put there for that very pur- 
pose, and they are not interfered with. Another rule that 
tains jets hotels, porter houses, eating saloons other buildings 
are strictly prohibited.” Still, number hotels and department 
stores the fountain particular feature. 

The pumping these buildings, New York City, now 
commonly done the direct-pressure system, and without tanks 
the roof. 1896 the speaker designed the double-pressure system 
pumping, one pressure supply the lower stories, and higher one 
supply the upper stories. For some office buildings that has 
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proved economical, the Bowling Green Building, where there are Mr. Bolton. 


large toilet rooms the eighth floor, and for which, and for the floors 
below, the lower pressure maintained, and another pressure for all 
floors above, thus cutting the total pumping down one-half. the 
Ansonia Hotel, where 420 toilet rooms are installed, the intro- 
duction the two-pressure system will cause considerable reduction 
the cost pumping. that case the mains for the eight lower 
floors are carried through the basement and deliver upward 
the ninth; the upper part carried the seventeenth and de- 
liverdownward. drips from the bottom the upper risers are 
not necessarily extended below, because the lowest faucet drains 
the pipe, and the cut-off valve the seventeenth floor, where the 
riser shut off for repairs. The same remark applies the warm- 
water system all those buildings. 

connection with fire protection for office buildings, six seven 
years ago, the Fire Department New York City had regulation 
requirement whatever. Some owners even defied their architects 
and engineers make them put any fire protection all fire- 
proof office buildings, and others, regarding ornament, spent 
very little money it, and for that reason the fire appliances, generally, 
were inefficient and very badly designed and constructed. Thespeaker 
conferred with Hugh Bonner, late Chief the Fire Department, 
and explained him what was done the Bowling Green 
Building. was urged make some sort regulation whereby 
risers, extending from the street where fire engines could make con- 
nection with them, should put all buildings, and air vessel 
provided that when the street engines were connected the system 
the pressure would not burst the pipes any all the valves were 
shut off. After Chief Bonner had worked for some time, change 
administration came, and now regulation has been issued providing 
one size risers for all buildings over certain height. This one 
those peculiar cast-iron rules which admits argument. 
difficult understand why 6-in. riser should necessary 
building only 120 ft. high, and yet the same required building 
320 ft. high. make the owner the small building put such 
large pipe unnecessary infliction, and pipe that size 
inadequate for the tallest structures. 

The system putting out fires with water, however, becoming 
antiquated. There doubt that more damage often done the 
Fire Department with water than caused the fire itself. The 
flooding building containing valuable decorations and valuable 
material all sorts very antiquated method. Office build- 
ings might provided with chemical extinguishing system, with 
nozzle and valve every room, every floor; then, fire 
starts any room, close the room, the floor, and turn the 
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chemical extinguisher, even fill the room with steam now done 
shipboard. Such system fighting fire office buildings would 
far ahead our present methods. the German-American Build- 
ing there restaurant the basement, and the janitor has apart- 
ments the roof. Ona Sunday afternoon fire started linen 
closet the restaurant, while the janitor was asleep upstairs. The 
Fire Department broke and, putting out the fire this closet, did 
000 worth damage with their axes, and the engineer and janitor 
did not know anything about it, yet they had complete fire-extinguish- 
ing apparatus the building. 

The author has given very considerable dissertation the subject 
elevators. About three years ago the speaker wrote paper,* deal- 
ing with that subject, and, without having the pleasure knowing 
the author this paper all, arrived much the same conclusion, 
that some method proportioning elevator service was needed. 
suggested the basis 000 sq. ft. rentable area for each elevator, 
but with the limitation that the building should not exceed stories. 
studying the question elevator service must considered that 
the further away from the street the upper floors are, the worse the 
service they are likely have. building which all the cars 
are accommodation, the lower floors have cars passing them all the 
time, and thus get larger number calls than the further up. 
attempting provide for that, some owners and architects have 
divided the service the author describes, making some cars stop 
certain floors and others run express for certain distances. The St. 
Paul Building, for instance, has stories, and has six cars; two serve 
eight floors; two serve from the eighth the sixteenth, not stopping 
below the eighth; two serve from the sixteenth (not stopping below 
that point) the top floor. This equivalent three 8-story build- 
ings standing one top the other, each having only two cars. 
Every part that building very badly served, offices 8-story 
building area, and with only two elevators, would poor 
property the present time. That shows that the building not 
designed with the proper elevator service. 

The Surety Building, which stories high, has only five cars. 
Two are express, and not stop below the fourteenth floor, 
ing 14-story building served only the remaining three cars, 
aggravated the fact that those cars have also run accommoda- 
tion cars stories above. That building also very inadequately 
provided, and, order overcome the difficulty, which the architect 
evidently knew would experienced, made large cars, operated 
very high speed. Those are both features which are undesirable. 
the first place, very large cars are put in, very unnecessary 
amount load carried all times, and very large operating 
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Mr. Bolton. machinery has put operate small average load. the 


second place, the speed the cars above certain rate the public 
will object it. The speed number cars which have been 
running 700 ft. per minute has had reduced 600 ft. per 
minute because the public objected it. person who rides the 
same car frequently, gets used almost any speed, but great many 
people, particularly the women who are largely employed these 
office buildings, heartily object any speed which exceeds about 450 
ft. per minute, especially the down trip. 

endeavoring compare the advantages the hydraulic and 
electric operation elevators, the author very wide the mark. 
asserts that: 


hydraulic elevator, unless complicated with differential 
water supply, uses the same amount power for light for heavy 
loads. The hydraulic ram elevator limited speed and range. 
The electric elevator uses power proportion the load, and more 
economical than the hydraulic machines.” 


M.E.P 
46.8 41.9 
44, 39.1 
41.7 36.3 
39.4 34.5 
36.9 32.3 
30.4 27.9 
27.9 23.4 
25. 20.5 
22.8 16.5 


33.14— Average — 28,69 


33.14 
28.69 


INDICATOR DIAGRAM 


TAKEN DURING TEST AT LORDS COURT BUILDING; 1.35 P.M. JULY SOTH 1896. 
AMES ENGINE NO. 14737—16'X 14’—2464 REVOLUTIONS. SCALE OF: SPRING =50, 
TEN CARDS AT ONE MINUTE INTERVALS, 

1.H.P. BY LARGEST CARD=154, 

1.H.P. BY SMALLEST CARD=54, 
AVERAGE =108, 


That not correct either statement. Theoretically, the 
cal elevator might use power proportion the load, but the load 
elevator series jumps, and illustrated the diagram, Fig. 
showing the variations, taken 5-second intervals, 3-elevator 
plant. Fig. isa set diagrams, taken 1-minute intervals, from 
engine driving such plant, and shows how the power varies, and 
what series blows upon the generator caused the sudden 
changes. Only those who have stood such engines and have seen 
the strains which they are subjected can uppreciate how difficult 
have machinery strong enough stand such work. diagram 
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H.-P. 16-in. single-cylinder engine, and, course, under those 
circumstances, would impossible get any real economy out 
the engine because the varying load. The net result that the 
electrical elevator system, driven engine and generator direct, 
not and cannot economical. point fact, the gen- 
eration and distribution power over short distance motor 
which constantly varying its load, and there storage between 
and the motor. battery provided, overcome the 
difficulties variation, the case the Commercial Cable Build- 
ing, the Dun Building, only obtained the cost the 
storage battery. the Dun Building the maximum demand, 
which ran 600 amperes, was reduced average 320 
340 amperes placing storage battery parallel with the engines, 
but the storage battery cost nearly $30 000, and its depreciation must 
reckoned per annum, and its capital outlay compound 
interest, when any possible idea superior economy, hydraulic 
plant equal proportions, absolutely disappears. 

course the battery pays its way showing better results than 
without its use the electrical plant. But certainly would 
economy replace the whole hydraulic plant modern design. 
The first commercial plant electrical elevators the Syndicate 
Building was installed 1896, and had not run for any length time 
before the foregoing conclusions became clear. These remarks apply 
office, hotel and store conditions, where elevators are run 
schedules; where loads vary, but speeds must maintained. For 
isolated elevators, such small apartment houses, the drum elec- 
tric elevator desirable. 

The question repairs one that has been fought over very con- 
siderably, but when considered that the ordinary high-speed 
elevator the life the screws first only two years, and that 
the friction gear, the ball bearings, and many other details, require 
constant renewals, will seen that that also another very expen- 
sive feature. the case such building the Dun, which 
maintained high degree efficiency, they can only hav- 
ing man standing the elevators all the time. such plant 
charged with 200 year for extra labor, considerable economy 
coal must shown against simpler system. 

But the hydraulic system not uneconomical represented, 
and neither complicated, when differential system used. 
the Bowling Green Building the duplex system pressure has 
now been working successfully for years. that plant triple- 
expansion engine pumps all the water required the entire elevator 
service, but only 120 Ibs. pressure, sufficient for use with the aver- 
age loads; second compound engine then draws water from the first 
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drum. The two supplies are piped over the main valve, which 
made with extra lift, that pressing the lever the car over 
the last notch water the higher taken into the 
cylinder. The cylinders are then reduced size, and with the low- 
pressure water are capable carrying the car only with the average 
load the proper speed. Instead being cylinders they are 
only 12} ins. diameter. Under ordinary circumstances, that is, 
seven-ninths the time, the operator carries his average load and 
gets his rate speed the use the low-pressure water, but when 
has additional load puts his lever over the farthest notch 
and takes the high-pressure water. 

Another element, always forgotten this connection, and interest- 
ing hydraulic engineer, that, if, stated the author, the 
same quantity water used hydraulic cylinder for load, 
for light load, for full load, must not forgotten that, with 
this water and the lighter loads, the car goes faster. the water 
turned into the cylinder and the resistance the load very little, 
the car runs that much faster, and that improvement the ele- 
vator service. the load consists only two people, and they are 
taken nearly the top floor the round trip can made quickly, 
and that way the car sooner service again. The mileage gained 
the face it, may appear so. 
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not the only engineer who has been bothered claimants pro- 
prietorship the septic tank. others have gone into painstaking 
research the antecedents this modern method, not known. 
Mr. Metcalf the first submit, permanent form, for general 
reference, the results such investigation, and his expressed hope 
that this effort may service brother engineers interested 
the patent question will undoubtedly realized. 

Modern proprietory methods sewage disposal are demanding 
the attention civilauthorities. The septic tank modern method, 
the sense that was not recognized practical mode treating 
large volume sewage until about six not modern 
method the sense that the action peculiar sewage confined 
receptacles has been known and observed for many years. The plans 
Plate show tanks which were constructed for the purpose— 
the speaker understands them—of intercepting the solids the 
sewage, prior subsequent treatment the liquid. has not been 
made clear what disposition the sediment was intended. The 

*This discussion (of the paper Leonard Metcalf, Assoc. Am. Soc. E., printed 
Proceedings for May, 1901) printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion 


Communications this subject received prior December 27th, 1901, will printed 
Subsequently. 
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advocates the modern septic tank first claimed complete lique- 
faction the solids, but now modify this claim. That some such 
action did take place the old tanks was known. Thus, not all the 
claims for the modern system are being realized, but, the other 
hand, more has been accomplished the old tanks than was expected 
intended their designers. 

The speaker does not think for moment that proprietary rights 
the septic system need subject for serious apprehension, but 
does consider the patent question pertinent one, and will confine 
his remarks brief review the subject has come his 
knowledge since 1882, when first became interested sewage 
disposal. 

The invention systems of, and appliances for, treating sewage 
has more than kept pace with the actual development the science 
sewage purification. great many have been patented. 
Many the patents issued are without doubt invalid, many them 
are impracticable, and few may meet real need which not univer- 
sally felt the present time, because the science has not sufficiently 
developed. 

Mr. Metcalf has referred patents which cover the subsequent 
treatment disposal the septic fluid, well those which refer 
the septic tank itself, and the discussion may, therefore, properly 
take into consideration the aerobic and anaerobic processes. 

The speaker has used the septic tank combination with filters 
for several years. Recently, has had his attention called the 
fact that claims for infringement patent rights were about 
pressed nine cases which interested the design and con- 
struction sewage purification works. These claims are broad 
that they appear first ludicrous, and their attempted enforce- 
ment little less than blackmail; but, nevertheless, the fact the 
mere notification intention enough arouse fear the 
mind the alleged infringer, and place the designer the plans 
unpleasant position before his client. Therefore, the patent 
question has forced itself upon some the members this Society, 
already, and behooves others consider their premises well before 
submitting plans for adoption. 

Sewage left its natural course will ultimately purify the 
agency chemical changes depending upon bacterial action. The 
early artificial methods disposal, like chemical precipitation, were 
antiseptic their operation, and inimical bacterial life. the 
present time the whole trend thought and effort discover and 
meet the conditions which aid and intensify this life. After was 
realized that the action could accelerated oxygen without the 
agency vegetation, the use sands, over which the sewage could 
spread thin films, thereby increasing the area oxidation and 
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bacterial action, and which, alternately applying sewage Mr. Snow. 


different beds, the necessary supply oxygen could enter between 
doses, was investigated, and the results made public property. This 
work, the State Massachusetts, was the foundation the 
American system intermittent filtration. 

During this period evolution methods, inventions, aiming 
cover the use and control air filters, were announced from time 
time. The speaker has been compelled believe that some the 
alleged discoveries and inventions were not based knowledge and 
reasonable experimentations much upon theory and desire 
monopolize what appeared the coming system sewage 
purification. 

The evil allowing fake systems demonstrate their inefficiency 
public expense, preference taking sound professional advice, 
has been obviated Massachusetts reason the fact that plans 
must first approved the State Board Health, whose standards 
comparison afford encouragement, but rather keep the-promoter 
away. 

Passing quickly on, experience soon proved that rates sewage 
purification sand filtration depended upon the size the sand 
grains, and the fact that, owing the fineness the material, the 
bacterial action was limited the upper few inches the filter; and 
also that the principal difficulty was found handling the suspended 
matters the sewage. Where fresh sewage was applied, fats and 
matter accumulated the surface the filter, requiring fre- 
quent raking off; where stale sewage was applied, the surface deposits 
were found less and the fatty matters more easily handled. 

The great question was the sludge problem: Was better separate 
the sludge from the body the sewage, and press it, separate and 
apply particular beds, indiscriminately apply mixed with 
sewage? 

Contemporaneous with these experiences, various patents for hand- 
ling and disposing this material were allowed. The most noted 
contrivance for this purpose the septic tank. The proprietary 
right this system will not generally conceded this country, 
unless sustained the courts. The reason is, that the process 
simply extension the action which has long been recognized 
naturally taking place sewage when becomes stale. The tank 
primarily settling basin. The subsided matters putrefy and give 
off gases which raise the solids the surface, where the gases escape 
and the solids fall the bottom again, and the rise and fall continue 
until the solids pass into liquid form through bacterial action. The 
process natural. may facilitated hindered. The exclusive 
right the natural process may well questioned. The validity 
patents issued for appliances facilitate the action not questioned, 
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except particular cases. Such appliances, placed for general sale, 
may included the engineer’s design, and their use safeguarded 
under terms suggested ordinary business methods. seems 
that the tank itself, and combinations with machinery contrivances 
for automatically governing the same, cannot used without liability 
litigation. 

least one royalty has been paid this country for the use 
the septic process. The engineer who designed the works has sounded 
alarm, and similar payment will more difficult obtain here- 
after. The case cited affords example what alleged infringer 
may willing avoid annoyance, even where the validity 
the claim denied. 

interesting consider the claims the much-discussed 
System sewage purification. one has ever been able 
tell just what Mr. Amasa Glover, Brockton, Mass, did invent 
discover, and patent. claimed everything sight. the science 
was developed from year year. Whether not Mr. Glover did 
sufficiently and properly describe his invention, the specification 
which was originally filed the patent office, immaterial this dis- 
cussion. The speaker can testify that Mr. Glover did claim absolute 
disappearance all solids either the central tank the system, 
the subsequent filters grouped around the tank. recognized the 
necessity oxidation, and provided for kind aeration the filters 
and also for periods dosing and rest. Later, when the Massachusetts 
State Board Health began experiments sands, Mr. 
considered bringing suit for infringement, until found out that this 
could not done. Subsequently, decided that the experiments 
confirmed his claims, and fact that, the strength the State 
Reports, men purchased stock his company. The patent has long 
since expired, but there are scores men living who will testify that 
Mr. Glover discovered the bacterial system purification, and, owing 
this fact, they were induced invest money the process. 

The speaker does not wish understood confirming any 
way this opinion, but stating the facts, knows them, this 
particular claim the discovery the septic and bacterial processes. 

The date that patent was 1882, or, perhaps, early 1880. 
any event, expired several years ago. 

the present time the best information regarding the 
the organic compounds sewage, especially the break- 
ing down cellulose and fatty matters, that must anaerobic 
liquefaction and hydrolysis. subsequent purification must 
aerobic, and, along these lines oxidizing treatment, progress has 
been made the use filters coarse material and gates hold the 
sewage contact with the bedding material for stated periods. 
this manner the field bacterial action extended through the entire 
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depth the filter, and higher are thereby secured. This step Mr. Snow. 


has brought out another distinct class inventions. Patent rights 
are now devices for controlling the septic action, and com- 
binations with kinds filters, the filters, sedimentation 
tanks, and various contrivances and appliances for controlling, dis- 
tributing, and collecting sewage its passage through the different 
stages the purification works. 

Some these rights are owned companies organized for the 
purpose constructing disposal works. New companies are being 
organized for this purpose. every instance patents are the basis 
for the enterprise. The great field sewage purification offers induce- 
ments capital, and any plausible scheme create monopoly the 
business can find financial backing. with sewage disposal com- 
panies owning patented processes that the engineer will brought 
contact more frequently the future. 

Now, contracts awarded plans and specifications furnished 
each bidder have been held illegal, because the law implies 
common standard upon which bids shall compared. any other 
method would contrary the policy law and good government, 
held that city must prepare its own plans and specifica- 
tions, and all patented processes constituting the subject monopoly 
must excluded from the plans. This law, this interpretation 
the law, strictly carried out, would prevent many useful appliances 
and inventions being used public works, which, itself, would 
machine, anything complete itself, operating perform stated 
amount work stated time and manner, and, when considered 
this light, subject for proposal and contract just much 
pumping engine, steam-boiler, any other contrivance which can 
constructed and set ready for use contractor. 

this so, sewage disposal companies owning patents will 
encouraged struggle for existence. Proprietary systems will 
offered municipalities, and, evidence good faith, promoters will 
agree execute satisfactory bonds almost any amount that the 
claim for the system shall obtained. 

Such propositions demand consideration, and time they reach 
the engineer. Even three years ago did not have consider any 
extent the utility and validity patents and proprietary systems, but 
there question now about the necessity comprehensive knowl- 
edge these matters. 

conclusion, the speaker does not believe that the threatened 
suits, referred the beginning these remarks, will ever brought 
trial, but forced into litigation, will enter the contest with the 
assurance extended co-operation the part engineers, and with 
full confidence the final results. 
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Am. Soc. E.—The author has done com- 
mendable service bringing together this material and putting 
good shape for reference, will materially help all those engineers 
who are interested this particular subject. 

The speaker’s impression that Mr. Philbrick constructed his 
tanks and sewage disposal plants somewhat earlier than 1883, the date 
given paper. During the eighties, the speaker built two plants, 
each for the disposal 000 galls. day, practically Mr. Phil- 
brick’s suggestions. One these plants was near Philadelphia, the 
other was for hotel island Lake George. The experience 
was very interesting more than one way. The latter plant was put 
early the spring, before the hotel was opened, and the end 
the season there were several things that surprised him, and for which 
did not find explanation until recently, when the septic tank 
process became common knowledge. 

Mr. Philbrick suggested two settling tanks, into which the sewage 
first entered, dropping its heavier matter the bottom and suspending 
the lighter matter the surface, this being the ostensible object 
these two tanks, which were used alternately. The liquid 
between the two layers solid matter was, means submerged 
outlet, passed into another chamber which siphon tank. From 
the latter, whenever the tank was full, the sewage, with almost 
suspended matter, was discharged automatically into the pipe deliver- 
ing upon the prepared surface land, where was absorbed the 
sandy soil. the end the summer the speaker was surprised see 
little deposit one the tanks, and learn that the other one had 
not been used all, because had not been necessary. The second 
one was used only when the accumulation deposits the first 
interfered with the natural separation, and required removal. This 
settling tank was about ft. diameter, and there was deposit 
about ins. ft. sludge and scum ft. was said that 
this had been the condition for several months. The speaker could 
not understand that time why the scum and deposit increased 
rapidly first and then practically remained constant, although the 
quantity sewage was greater rather than less. The reason now 
known. 

seems the speaker that this tank was practically the same 
that which now called the septic tank. Mr. Philbrick, and also 
Mr. Barrett, Staten Island, had built number them. 

1880 the speaker had the privilege meeting Mr. Rogers Field, 
who invented the first practical automatic siphon for sewage dis- 
charge. showed him, his office London, the application this 
siphon the disposal the sewage from country residences, with 
the same arrangements that Mr. Philbrick published his little 
pamphlet. 


Mr. Hering. 
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septic tank which has been use since 1889 1890 the old Colony 
Manhattan State Hospital, CentralIslip, Its capacity about 
000 galls. sufficient take nearly the entire day’s flow. 
under ground, arched over, and thus entirely covered, entrance 
being effected through manholes. are pumped out upon 
land about hours. There are plans, and its exact dimensions 
are unknown the writer. The sludge removed twice each year. 


Owen, Am. Soc. E.—The speaker can corroborate Mr. Mr. Owen. 


statements the early use Mr. Philbrick’s design for 
closed tanks, outlined the author. About the year 1882, and for 
some years after, the speaker constructed number small sewage 
disposal plants upon Mr. Philbrick’s design, and was surprised 
find out how small was the deposit the bottom, and how little the 
accumulation scum top, tanks which had not been cared for. 
Mr. Philbrick designed these tanks systematically cared for, 
having the top scum removed periodically. particular case, 
care had been taken with the plant, and, four years after, was found 
examination that the surface accumulation was very small (about 
ft.), and that the bottom deposit was less than that, showing that the 
septic action, which now recognized, was going on, but was then 
unknown factor. 

Referring the main point discussion the paper, relative 
patent rights, about the years 1885 1886, notice from lawyer was 
received the speaker, stating that was infringing Mr. Waring’s 
patent using the subsoil irrigation system for the disposal sewage, 
and was great surprise him, had received his early educa- 
tion from entirely different source, viz., Mr. Philbrick, and 
had never read Mr. Waring’s book the subject, and did not know 
that Mr. Waring had any patents upon the system. The claim was 
never pressed, nor was any royalty ever paid. 

regard the septic tank, the speaker entirely agrees with Mr. 
Snow, that the knowledge patents ordinary engineering struct- 
ures great detriment the furtherance such construction 
clients who may desire have them, account the dread law- 
suits which they are liable the use patented article system, 
whether the patent not really valid. The septic tank, 
originally worked out Mr. Cameron, was purely professional 
design, and never had patent the septic tank principle, but 
only the distributing arrangement, which was purely mechanical 
device. this country, however, patents have been granted the 
septic principle the decomposition sewage, which really 
natural process, guided, course, special conditions. 

About four years ago the speaker designed and constructed septic 


contribute, the list cited Mr. Metcalf, brief description 
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Mr. Owen. tank having capacity about 40000 galls., and based Mr. 
Cameron’s idea the Exeter tank, plans the Exeter work were 
available, and the speaker evolved the construction his tank from 
his own ideas the general requirements for such work. Shortly after 
the completion the work letter was received from gentleman 
Chicago stating that was interested the septic tank and 
desired see the tank. favorable answer was sent this gentle- 
man, the inspection was duly made, and claim any patent rights 
was made that time. Last year the speaker constructed another 
septic tank, about the same capacity, description which was 
current the professional papers, and notice was sent him from 
Chicago syndicate claiming damages for the infringement patent. 
The claim being repudiated the speaker, the representative the 
syndicate—the same person who originally claimed interested 
septic tanks—appeared onthescene. Afterafree discussion the ques- 
tion, appeared that the particular patent for septic tanks was issued 
the syndicate about six the completion the first tank 
constructed the speaker, and the interview closed with positive 
intimation the part the speaker that would repudiate any 
claims for the infringement the so-called patent. very doubt- 
ful, the speaker’s mind, whether any patent for septic tanks issued 
this country has any validity whatever. 

The tank Champaign, was constructed before either the 
speaker’s tanks was commenced. was practically contemporaneous 
with the Exeter tank, and they both emanated from the investigations 
the Massachusetts State Board Health. 

The speaker somewhat solicitous about the patent question. 
his opinion, entirely unprofessional for civil engineer get any 
patent any work which has constructed. engineer, 
exercising his professional function behalf his client, should 
design something novel new, does not belong him, but his 
client, and, with due regard for the proper professional standard, 
cannot use it. has obtained patent work construction 
which has designed outside his professional capacity, prac- 
tically debarred from using himself, because has ownership and 
interest merchantable article, the use which debarred 
the ethics his profession. 

The speaker wishes lay down the law very strongly this 
patent question, there prevalent idea, especially among the 
younger members the profession, that professional engineer 
gets new design which has especial merits, perfectly proper 
for him patent it. The speaker believes that such act entirely 
unprofessional. 


Assoc. Am. Soc. (by letter).—Mr. Snow, 
his interesting discussion, has stated that, has not been made 
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clear what disposition the sediment was intended” the tanks Mr. 
illustrated. The writer had not considered that point germane 

the subject. clear any doubts, however, may said that the 

same general methods disposal were made use that are 

found to-day. 

Thus, Henry Austin’s plan, the sludge was composted with ashes 
and used for fertilizing purposes. the Derbyshire School was 
out and distributed land. The sludge the Paris tanks 
was pumped out into tight receptacles, carried central stations, and 
from them pumped large sludge beds the suburbs, which beds 
were underdrained like filter beds. The sludge was thus drained un- 
derneath and dried out the air. most the other plants, com- 
posting, followed disposal upon land, was the common method 
treatment. the chemical precipitation plants, course, sludge 
presses were used. 

The writer would confirm Mr. Hering’s ‘‘impression that 
Mr. Philbrick constructed his tanks and sewage disposal plants some- 
what earlier than 1883,” stating that has been informed from 
other sources that such the case. The writer’s only reason for 
adopting the date 1883 was that the latter was the date upon which 
Mr. Philbrick published engineering magazine technical 
article upon the subject, thus giving public expression his views 
and making them matter ‘‘common knowledge.” 

few additional examples early tanks have been brought the 

The first small disposal plant built upon the chemical precipi- 
tation system, designed Mr. Brown for Stamford, the 
time that this tank was built Mr. Brown was the opinion that the 
entire plant was not necessary, and therefore the con- 
struction the sedimentation tanks only, with the addition some 
boards prevent direct surface current. 
ered with plank roof. Mr. Brown says it: 


This was really accidentally aseptic tank; visited the town 
one two years after was constructed, the action the tank was 


reported satisfactory.”’ 

The second plant referred Mr. Brown was that Round Lake, 
Y., which was originally run chemical plant, but which has 
also been operated considerable extent, what would now 
termed septic tank. The Soldiers’ Home, Bath, and the plant 
Mt. Vernon also make some approach this system. The Institution 
for the Blind, Batavia, Y., which has one the German upward 
filtration plants, was also modified somewhat, and made approach 
more nearly the septic tank arrangement. 

regard these examples, Mr. Brown says: 

these tanks, with the exception the first two, could 


The tank was 
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classed septic tank, strictly speaking, and none them was 
constructed septic tank.” 


Mr. Owen’s remarks upon the patent question are timely ,and 
are heartily subscribed the writer. The latter felt, presenting 
his paper, that broader question than that indicated the title was 
really involved, namely, the attitude the engineering profession 
upon the question the patenting the methods and devices used 
any engineering works their designing engineer. 

is, perhaps, question legal rights versus moral rights 
expediency. one would question the right the inventor 
government protection and the legitimate enjoyment and benefit 
his discovery; yet, the other hand, often hard draw the line 
between true originality novelty design and mere adaptation 
the problem hand the knowledge and discovery others. This 
appears particularly true the field sanitary science, which 


has seen such marked advance the past decade. for instance, 


can say how far reaching have been the results obtained the Massa- 
chusetts State Board Health their influence upon the later 
developments the bacterial treatment sewage? 

The United States and Germany are the only countries whicha 
thorough search records made before granting patent rights. 


Great Britain and her colonial France, and other 
countries, assurance implied the granting patent rights that 
the patent has not been anticipated. the United States, however, 
examination made, not only the specifications the United 
States, those foreign countries, and the scrutiny extended 
general scientific literature. 

Therefore the granting patents this country gives claims 
authority—bearing mind the limitations the patent office and the 
fact that existing plants frequently fail notice engineering jour- 
nals—which the premises sometimes not warrant. Yet this 
authority often sufficient prevent the adoption proposed 
engineering plans municipalities account fear subsequent, 
sometimes threatened, litigation. 

From the point view, therefore, professional interests, not 
less than the advancement science, would most unfortunate 
were American engineers outgrow their old objection, perhaps 
prejudice, the patenting new improved engineering methods 
and devices, and adopt the English system wholesale patenting. 
Mr. Owen has presented the case, from the standpoint professional 
ethics, clear and forcible manner. 
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Am. Soc. (by letter).—The writer has read mr. 
this paper with great interest, and though has not familiarized him- 
self with all the details the work, will venture offer few com- 
ments certain specific points. 

considering the relation between the 
height water Pitot tube and the 
relative velocity the water the point 
thereof, the authors cite the well-known 
principle that the pressure jet water 
against plane surface, normal its direc- 
tion, double that the head due the 
velocity the jet; but they appear 


some doubt how this principle 

the writer that has really applica- Fia. 

tion. The best way realize this call mind the reasoning 
which this statement founded, 


jet water moving the direction (see Fig. 94) with 


Continued from October, 1901, Proceedings. See May, 1901, Proceedings for pape 
Am. Soc. E., and George Fenkell, Jun. Am. Soc. 
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velocity feet per second, makingad=v. water, 
having reached the point would the point the end one 
second, its motion were not controlled. the interposition the 
plane surface finds itself, the end one second, point 
distance from its line motion. The result the same 
its motion feet per second were combined with second motion 
feet per second. The pressure the plane the jet, 
which the same the pressure the jet the plane, such 
communicate velocity feet one second, and equivalent toa 
the case plane immersed indefinite current, find phe- 
nomenon akin what represented Fig. 95. The water does not 
change direction right angles and glance off 
right and left; such action would incompat- 
ible with the general movement the mass 
accumulates the vane, both above and 
below, and the moving fillets are not deflected 
uniformly right angle, but variable 
manner, some more, some less, constituting 
movement which such reasoning the 
above can predicted. the experiments 
Darcy, the rise water the tube approxi- 
mated closely the head due the relative 
velocity the water the point the same. 
these experiments varies widely; the the computed the 
true velocity ranging from 0.63 1.24, or, nearly, The 
authors apparently met with difficulty reconciling these discrep- 
ancies, which led them conclude that the method tank rating 
not the proper one apply.” 

This has b2en used the writer, rating current meters, 
with very satisfactory results. that case the rotation was accomp- 
lished weight attached string, which passed over fixed 
pulley and was led pulley the central shaft above the head 
the observer, who sat the center rotation, the present 
case. Each turn the meter, that case, was marked slight 
click, which was transmitted the observer through tense wire 
passing near hisear. case the meter traveled exactly 100 ft. 
each revolution, and was found advisable use only one revolution 
time, account the movement communicated the water 
the passage the meter. 

The present case appears involve source error from which 
the case referred entirely presumable that the error 
was perceived and allowed for, but mention found 
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the paper, the writer ventures refer it. The Pitot tube appears Mr. Frizell. 


connected with glass tube the center rotation means 
flexible pipe, the glass tube resting against gauge and partial 
vacuum formed over the water raise the range observation. 
The rotation such system would develop centrifugal force the 
connecting pipe which would entirely mask the indication the Pitot. 
pipe filled with water and rotating around vertical intersecting 
axis will develop centrifugal force any point exactly equal 
the head due the velocity. this source error was considered and 
allowed for, would naturally expect find some reference 
the paper. 

There strong reason think that the maximum velocity 
pipe could never measured Pitot tube, e., single point 
fixed position. 

open channel, the thread maximum velocity not station- 
ary, but oscillates through wide range movement about its normal 
position. This fact very distinctly discernible means the 
form meter just referred to, viz., meter which makes 
click each turn, said click being transmitted the observer’s ear 
through the metallic rod which the instrument mounted. The 
first peculiarity strike the observer, applying his ear such 
rod, the varying rate revolution the current wheel. There 
reason doubt similar oscillation the thread maximum 
velocity the closed pipe. This feature the movement cannot 
detected the Pitot tube ordinarily constructed. The point 
necessarily small, compared with the caliber the tube, and the 
maximum velocity does not act long enough disclose itself through 
the elevation water the latter. The apparent maximum, 
determined the tube, average the true maximum combined 
with slower velocities. 


Am. Soc. (by letter).—In the discussion Mr. Campbell. 


this subject, Mr. Henry gives illogical interpretation and con- 
clusion stating that the least resistance flow would pipe 
having the greatest number sharp right-angle bends. 

avoid such confusion, must remembered that the total 
angular deflection all the experiments was the same (90°) for each 
case, and, consequently, that the lengths the curves different 
radii varied. 

The net result was less resistance for the greater intensity 
the short turn acting through the shorter distance, and greater 
total resistance for the lesser intensity the long turn acting through 
the longer distance. This tersely stated Mr. But this 
justification for the conclusion that, foot for foot length, the 


Proceedings, Am. Soc. E., for September, 1901, top 894. 
Proceedings, Am. Soc. E., for September, 1901, top 886. 
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short turn gives less resistance than the long turn. matter 
fact, known that the short turn would give the greater resistance, 
and the results the experiments, taken connection with the 


relative lengths the curved portions the pipes, prove this. 


Suppose, for example, that there are two hollow rings 12-in. pipe, 
each full water, one baving radius ft. and the other radius 
865 ft. Suppose the water each made flow under uni- 
form pressure and velocity once around the circle 360 degrees. 

Common sense and superficial knowledge the properties 
water are sufficient satisfy that the resistance flow the 
small ring could not 865 times great that the large ring. 
obvious that the total resistance once around the small ring 
very materially less than around the large one, but equally apparent 
that the intensity resistance per unit length the large ring 
very much less than the small one. 

Let the length the short ring, the length the long 
ring, the intensity resistance the short ring, and the in- 
tensity resistance the long ring per unit length. Then 
writer understands the deductions the authors, they 
assert nothing more than the foregoing. 

Neither Mr. Henry’s exceptions the results the experi- 
ments, showing that the locus maximum velocity may away from 
the center pipe, appear well taken, the assumption that 
said locus must the center, because the latter point farthest 
removed from causes retardation. Theoretically, that assumption 
all right, assuming, addition, that the perimeter the pipe gives 
uniform resistance all the way around, and that the pressure like- 
wise uniform. matter fact, these conditions not always ob- 
tain, and, pipes large diameter, the pressures the top and 
bottom are never equal. Suppose, for example, that the bottom 
the pipe covered with sand and gravel, that one side rougher 
than the other: Under such conditions could expected, even 
theoretically, that the maximum velocity would found the 
center? Certainly not. 

Again, the writer does not believe that the theoretical assumption 
referred necessarily logical. That agrees well with observed 
facts under perfect practical conditions does not question, but sup- 
pose made absolutely theoretical, and assumed that there 
resistance flow the pipe from the surface the latter, the vis- 
cosity the water, air, any cause whatever. Would not follow 
that the greatest velocity would along the bottom the pipe, due 
the greater pressure there? view the many things that can 
and upset theoretical conditions, not all surprising that the 
experiments question found the maximum velocity away from the 
center many cases. 
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conclusion, point may noted which favorable long Mr. Campbell. 


curves against very short ones laying line pipe, viz.: the 
former will give shorter length line, neutralizing some 
extent the advantage the shorter turns. With two lines, each 
having ten 90° bends, one laid radii ft. and the other radii 
ft., the former would 196.7 ft. the shorter. 


Henry (by letter).—The writer has read this memoir Bazin. 


with much interest, especially has made, quite recently, some 
experiments determine the distribution velocities pipes, the 
results which are discussed memoir the Academy Sciences 
Paris, presented herewith, and from which will appear that his 
determinations correspond very well with those obtained the 
authors under normal conditions flow. 

Concerning the principal object the investigations, the Resistance 
Curves, the results the authors’ work will surprise many persons, 
but though they are contradicted apparently admitted ideas, 
not possible explain away the contradiction the following 
manner? 

The experiments upon the resistance introduced curves that 
have been heretofore presented are few, and are confined pipes 
small diameter and mainly abrupt turns, which the phenomena ac- 
companying the sudden change direction, are supposed anal- 
ogous the effects contraction, and the resistances are assumed 
proportional the square the velocity and inversely the 
radius curvature. reality, very little has been known what 
actually takes place, and, practice, the subject dismissed in- 
volving unnecessary calculation. The conditions obtaining the 
experiments the authors are far from those indicated above, their 
pipes being considerable diameter, and the curves laid out upon long 
radii. When the water enters these curves; receives sudden 
change direction, the case sharp bends, but the distribu- 
tion the velocities modified the stream progresses, and ulti- 
mately becomes quite the condition straight pipe. 
leaving the curve, again, the fluid requires some time for the resistances 
re-establish the conditions straight pipe, the normal distribu- 
tion velocities. Hence, the work the internal resistances has 
greater and greater effect the more the increases, shown 
these experiments. 

Whatever else may said, these investigations are great im- 
portance, and hoped they may extended further. The differ- 
ential gauge two liquids permitting more accurate study the 
losses head, several them should connected series 
points along the curve, should possible get fair idea what 


Inspecteur-Général des Chaussées. This discussion has been translated 
Gardner Williams, Am. Soc. E., and has been revised Bazin. 
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Bazin. takes place, especially the work could done upon experimental 


conduit undisturbed the exigencies the maintenance muni- 
cipal supply. 


EXPERIMENTS UPON THE DISTRIBUTION VELOCITIES 
Henry Bazin. 


When water flows through closed circular conduits known 
that the velocities are not the same throughout the whole extent 
the transverse area, but that they decrease regularly from the center 
the circumference. The first experiments undertaken determine 
the law this decrease were those Darcy, made 1850. They 
were made the Chaillot Water-Works Station, Paris, and are 
number, giving for pipes 0.19, 0.24 and 0.30 diameter (old 
caliber and pouces, English measure, 7.48, and 11.81 
ins.), and for one 0.50m. diameter, 18.69 The velocity 
was measured five points the vertical diameter the pipe, 
wit: the center, and four points symmetrically situated above 
and below distances one-third and two-thirds the radius. 
From these experiments Darcy deduced the relation: 


Where the maximum velocity, the the velocity 
distance from the center; the radius the pipe; and the loss 
head per meter. If, consider ratios only, this equation divided 


designated 


the mean velocity, and the coefficient 
then 


66/1) V—o r 


years later Darcy began extended series new 
experiments upon open channels, but his premature death, which 
snatched him away from science the beginning 1858, prevented 
his finishing them. was, however, the rare good fortune the 
writer have been associated with Darcy almost from the be- 
ginning, and fell him pursue and fulfill the programme 
originally planned. That programme comprehended the study the 
distribution velocities canals various sections and especially 
the semi-circular canal. 

regulating the discharge the latter canal, that the surface 
the flowing water was exactly its horizontal diameter, 


might likened those closed circular pipe the 


same radius. These experiments were made 1857 and 1858, when 
there were built four canals ranging diameter from 1.20 1.40 m., 
with uniform slope 0.0015 per meter, and having various sur- 
faces (boards, smooth cement, cement and fine sand, and cement 
mixed with fine gravel). The velocities were measured, not alone 
five points the central vertical, but great number points 


Memoires des Sciences Paris, Recueil des Savants Etrangers, 
Tome xxxii. 

Darcy considered that, account the disposition the apparatus, the last 
three are not strictly comparable with the others, and not meet the conditions 
normal regimen. 
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distributed upon concentric circles and approaching the walls Bazin. 
closely possible.* The variation the velocities was thus deter- 

mined throughout the entire extent the cross-section, and showed 
immediately that, beyond two-thirds the radius, the region 

not investigated 1850, the velocities diminished more rapidly than 

was indicated the formula. The discussion those experiments 

led the writer the substitution new expression: 


(2), using for ordinates the ratio and for abscissas 


intersect 


point the abscissa which 0.662, alittle less than two-thirds 


Between that point and the origin their greatest diverg- 
ence abscissa 0.417, and has value 1.52. Beyond their 
point intersection the curves diverge rapidly. The new results ap- 
peared contradictory those Darcy, obtained 1850. had 
then, indeed, only experimented upon pipes small diameter, for, 
excluding the three observations the largest pipe, considered 
hardly comparable with the others, the largest diameter used was 
0.30 (less than ft.), wherein the measurement velocities near 
the walls would have been exceedingly difficult. the other hand, 
the question may raised whether there complete analogy 
between semi-circular open canal and circular closed pipe. 

further experiments seemed necessary, which should 
made upon closed conduit such increased diameter permit 
the multiplication the points observation, especially throughout 
the region beyond two-thirds the radius. Such experiments require 
considerable time, and, consequently, large quantity water, and, 
therefore, was not possible attempt them, under the same condi- 
tions those 1850, since the dependence for water upon one the 
laterals the Paris distribution system rendered their execution in- 
compatible with the demands the supply the city. has, 
however, last been possible for the writer carry out such experi- 
ments utilizing the canal Dijon where the investigations the 
flow water over weirs were 

cement pipe, 0.80 diameter and long, was con- 
structed bed ofthe canal. This pipe was straight, perfect 
bore, and opened its extremities into two basins, wide and 
long, having vertical walls (Figs. 96, and 99). The upper 
basin was supplied with water from the Canal Bourgogne; the 
lower basin received the discharge the pipe, and delivered 
through sluiceway 0.80 wide, which was furnished with stop 
planks, thus enabling the surface the water the basin kept 
any desired height. After passing the sluiceway the water was 
measured over weir 50m. below. The elevation the water surface 
each basin, which was kept uniform during experiment, was in- 
dicated the apparatus used for similar purpose the weir inves- 

The number points amounted for the canal smooth cement. for that 
cement and sand, for that planks, and for the canal gravel. 

Annales des Ponts Chaussées, October, 1888. 


For description and use this dial floats and movable point gauge, see 
the memoir already cited, Annales des Ponts Chaussées, October, 
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order measure the velocities throughout the cross-section 
the pipe, was necessary introduce rigid instrument 
little volume possible; for the purpose admitting the instrument, 
there were constructed three shafts opening the full width the 
pipe, 0.80 m., and 0.08 length, along the axis the pipe (Figs. 
96, and divided the length the pipe into four equal 
parts, the one the middle being from the extremities the 
pipe and the right each shaft was installed 
manometer, consisting glass tube with scale, the former being 
connected the interior the pipe orifice 0.002 diameter, 
pierced the wall, without any protuberance. 

apparatus used measure the velocities was modification 
the gauging tube Darcy; but this tube. constructed the 
time the experiments 1857 operate shallow current, was 
not immediately applicable pipe 0.80 diameter, account 
the great distances passed through between the ajutages and 
the end the stem, because, the support the latter being 1.60 
above the ajutages, the instrument would not present sufficient rigid- 
ity. became necessary, therefore, support the instrument 
both its extremities, just Darcy had done with the one the 
iron pipes 1850; but was operating only within the central 
vertical, was unnecessary displace the stem horizontally his 
case, while the 0.80 diameter conduit was desired explore the 
whole section. The difficulty was very satisfactorily overcome 
Hegly;* the apparatus which devised, and will next 
described, permitting the ajutages placed any point whatever 
the cross-section the pipe. 


157.48 ft. 


LONGITUDINAL SECTION EXPERIMENTAL CONDUIT 
96. 


ajutages the old Darcy tube were soldered the end 
stem sliding collar along blade brass 0.004 thick, beveled 
its front edge (Fig. 100). The blade formed the lower part ofa 


vertical bar carried collar, through which could slide, 


which could itself moved along horizontal bar placed across the 
pipe, and bearing ascale. sliding the collar along the horizontal 
bar, and the same time moving the vertical bar its collar, the 
latter was brought the desired vertical, when, the bars being fixed, 
the ajutages were made run over this vertical sliding the stem 
the blade. order secure the foot the brass blade serving 
guide the ajutages, extended the bottom the pipe, where 
was connected knuckle joint comprising two cups terminating the 
blade which imprisoned ball that was fastened run- 
ning annular groove (Fig. 99); this groove, cut the wall the 


Conducteur des Ponts Chaussées, 
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pipe, was closed two copper bands, leaving very small space 
between them; the steel tape its exit from the groove arose verti- 
cally the top the shaft where passed over dial pulley and fell 
finally outside, being held place counterweight. 

Four scales, conveniently placed, measured the displacements 
the bar, the ajutages and the tape. explain the use this appar- 
atus, suppose the bar placed that the extreme point orifice was 
the center the pipe; the exploration that vertical requires simply 
thé maneuvering the stem carrying the ajutages. pass 
another vertical, the collar the horizontal bar moved horizon- 
tally, and, the same time, the pulleys are turned that the tape 
describes the necessary arc keep the blade plumb, the vertical bar 
sliding the collar the horizontal bar and carrying the ajutages 
amount equal the versed sine the arc, which must 
compensated for sliding them the blade equal distance down- 
ward means the stem, which places them always, when the 
horizontal diameter, constant distance below the cross-bar, meas- 
ured the stem. The location being thus checked, the measuring 
velocities follows the center vertical. 

order lighten the instrument was separated from the 
glass gauge, which latter was mounted upon post the side the 
pipe (Fig. 98), and was connected the ajutages rubber hose 
0.002 interior diameter and 0.0025 thickness, sufficient 
prevent them from being kinked over the top the shaft. The 
gauge board carried, addition the two glass tubes connected 
the adjutages, U-tube gauge, designed measure the partial vacuum 
determined the suction the apparatus. When the partial vacuum 
had been made, with the apparatus for that purpose, valve com- 
municating with the manometer was opened and communication 
established between the two parts the apparatus. The inequality 
level between the two columns the gauge showed the 
height which the water columns had been raised the suction, 
above the level they would have reached free communication with 
the 

Determination the Coefficient b.—A series preliminary experi- 
ments was made determine the coefficient Discharges varying 
from liters cu. per second were caused flow through the 
pipe, the volume delivered being measured over weir 2.01 wide, 
having sharp edge, without end contractions, located beyond 
the lower basin, which, the coefficient discharge had been 
perfectly established the previous experiments upon The 
data from which has been deduced presented Table No. 57. 
The water levels the piezometric columns the three manometers 
and that the lower basin are referred the surface the upper 
basin per running meter, has been obtained 
dividing the difference between the heights the piezometric 
columns, and their distance apart, 

The coeffivient practically constant, and the mean value for 
the ten experiments 0.000332. 

The total loss head through the upper and lower basin 
not the result the resistances through the pipe alone, but also those 
due the sudden changes section entry and exit. approxi- 

The inequality the two columns the U-tube gauge enabled the obtaining 


the absolute pressures existing each point the section the pipe, and was 
found that these pressures varied hydrostatically. 


table these coefficients, see Annales des Ponts Chaussées, October, 
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LONGITUDINAL SECTION 


TRANSVERSE SECTION THROUGH GAUGING SHAFT THROUGH GAUGING SHAFT. 


BS 


+ 0,007 m. 


a 
Lol 


= DETAILS OF AJUTAGE 
APPARATUS FOR MEASURING VELOCITY 
IN EXPERIMENTS OF H. BAZIN, ALL DIMENSIONS IN METERS. 
Fig. 98, Fie. 99. 
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WATER 


Number Ex- 
periment. 


Head 
weir, 


Coefficient dis- 
charge for weir, 


20 


Discharge per sec- 
ond, 


Corresponding mean 
velocity through 


Elevation water 
surface Upper 
Basin, above axis 
pipe. 


3 
a 


oo, 


Piezometer 

Piezometer 

Piezometer 

Lower Basin 


Difference 
tween the heads 
and 


PIPES. 


through the pipe. 
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mate computation the relative importance these elements may Bazin. 
made, upon the assumption that the loss head per meter for the 
whole conduit coincides with that for the section between 
was 0.131 m., and this basis, from the entrance 
the outlet, distance each, would 0.0655 each. The 
fall from the upper basin Manometer was 0.342 m., and the por- 
tion chargeable resistances entrance therefore 0.342 
0.0655 0.2765 Similarly the outlet, the loss from tothe 
outlet being m., added the loss gives 0.0655 0.473 
0.5385 The total fall only 0.469 m., and therefore there 
has resulted recovery head, between and the lower basin, 
0.5385 0.469 0.0695 Similar computations for all the 
experiments are presented Table No. 58. 


No. 58. 


— Dy 
Meters 
second. 


proportion the head Hin h,, practically the same 
all the experiments, and may therefore considered that the 
three heads vary but little from proportionality The loss 


entry equal 1.30 (neglecting the effect velocity the chan- 
nel approach).* The discharge through the pipe, which only 


*The velocity through the channel which the water flowed regularly 
and without disturbance, did not exceed 0.33 m.; this was not the case, however, the 
lower basin, where the water was considerably agitated and flowed out the pipe and 
through the sluiceway the lower end the basin with quite high velocity; therefore, 
the coefficient 0.30, recovery obtained the table not capable theoretically 
precise interpretation. 

The coefficient 1.30 applied entry would certainly little higher the contrac- 
tion were complete, which was not the case the bottom was only 
above the bed the channel, Fig. 99. The side services, which were distant only 0.40 


from the edge the pipe, could have exerted similar influence, though propor- 
tion much less important. 
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dependent upon the difference head between the two basins, may 


ficient practically constant, with mean value 0.€60. This 
has, therefore, been used means determining the discharge 
through the pipe during the experiments upon the distribution 
velocities. The area normal section, 0.80 diameter, 
0.5027 sq. whence the discharge, for difference surface height, 

the experiments upon the distribution velocities throughout the 
interior the same section pipe, observations were made three 
sections preceding the manometers, and and each these 
with two different discharges. The velocities were measured upon 
two diameters right angles each other, one vertical and the other 
horizontal, and for each the velocity was measured points 
0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35 and 0.375 from the center, and 
the center, making points observation. That number was 
augmented for the higher discharge, 113, the points being dis- 
tributed along concentric circles.* order determine nearly 
possible the areas the three sections the pipe, they were meas- 
ured each location number diameters; from these measure- 
ments mean diameters were obtained: 0.798 0.802 
and 0.800 The discharges deduced from the difference 
the two basins for the six experiments are shown Table 

59. 


Mean velocity 
through the 

Section A...... ’ 0.990 0.7401 0.5001 1.408 
-136 .5052 

-148 0.5556 0.5027 1.105 


No. shows, for each point the horizontal and vertical 
diameters, the velocities deduced from the difference level the 
two columns the tube gauge, assuming that the coefficient the 
instrument unity, when there results: 


similar experiment was made Station with the smaller discharge, and, simi- 
113 were observed. will seen further they have been rejected; 
the loss head between the two basins was 0.148 m., the discharge 
and, consequently the mean velocity through the section was 
1.119 

Fig. shows the observations the horizontal and vertical diameters plotted 
manner similar that adopted the authors the paper.—G. 


101 shows the velocities for the experiment with the Bazin. 
higher discharge, when 113 points were observed. 


Calculating, means these data, the mean velocity for each 
the concentric circles, Table No. 60, obtained. 


SECTION DISCHARGE 
MEAN VELOCITY =1.469 M, 


NUMBERS GIVE OBSERVED VELOCITY METERS PER SECOND. 
MEAN DIAMETER SECTION PIPE B=0.802 M.=2.631 FT. 
101. 


Before proceeding further, necessary, way verification, 
determine, the aid the local velocities, the value the mean 
velocity the whole section, and compare with that which has 
been determined directly from This determination made 
multiplying the area the ring between two successive 


two circles and dividing the area, the whole section, the 
sum the partial discharges. 
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Bazin. TABLE No. OBSERVED FOR EACH 


0 
discharge. discharge. discharge. discharge. discharge. discharge. 
Meters. Meters. Meters. Meters Meters. Meters. 
1.665 1.706 1,271 
1,227 1,219 1,683 1.696 
1,218 1,626 1,208 1,652 1.219 
1,199 1.611 1,185 
0.945 1.288 0.896 0.912 
0.820 1.130 0.805 1.080 0.795 


The velocity adopted for the center the mean five points observed, one the 
center and four distance 0.025 from it. The velocity the perimeter deter- 
mined the graphical process drawing upon sufficient scale the 
curve with radii abscissas and velocities ordinates and prolonging judgment 


TABLE No. 61.—Comparison MEAN VELOCITIES. 


MEAN 


Designation. Ratio 
1 

ist discharge...... 1.108 0.981 


These new velocities are all little less than the former ones, the 
mean ratio being, for the lower discharge 0.985, and for the higher 


*The same calculation applied experiment which has been thought 


should rejected, gave 1.065 and 0.952. This ratio seemed indi- 


cate that, from some accidental cause, the observed velocities must have been about 
below the recognized values. this, must acknowledged that this 
experiment was made the beginning the work and, the rubber tubes being very 
flexible, their section was contracted passing out the that they trans- 
mitted imperfectly the pressures from the ajutages; these were replaced thicker 
tubes for the execution the remaining experiments, thus avoiding the difficulty. 
remarked, that the values obtained from this first experiment were 
very little different from the rest, the true velocities had been altered nearly 
constant ratio. The values are follows: 


0.10 0.20 0.25 0.80 0.40 
1.225 1.196 1.166 1.122 1.068 0.973 0.901 0.805 
1.167 1.150 1.054 0.998 0.914 0.756 


Cent 
0.10, 
0:15, 
0.20, 
0.25. 
0.30, 
0.35, 
0.40, 


OE 


method calculation used tends, true, reduce Bazin. 


the velocities very little, but this cause error quite insignifi- 
cant, and seemed wise search for the explanations the differ- 
ence which established, either the indeterminateness the 
coefficient 0.660, rather through the indeterminateness the coef- 
ficient used for the gauging tube. has been supposed, effect, 


that the coefficient which multiply obtain the velocity 
unity; but possible, reason the oblique direction 
which the fiuid fillet may have encountered the lateral orifice placed 
the surface parallel the current, that the value this coefficient 
may exceed unity few thousandths. 

may the cause, the difference fortunately 
little importance, comparison the velocities may more safely 
made among themselves, for which they are divided the mean 
velocity deduced from the observation the same velocities, and not 
from results established formulas for application other 
conditions. Dividing through all the values Table No. 


there are obtained the values the ratio shown Table No. 62. 


TABLE No. THE RATIOS 


Section Section Section Mean for each section. 

» » 8 3 
— - 

Meters. 

0.25 0.625 1.059 1.055 1.050 1.042 1.049 1.048 1.0570 1.0460 1.0485 
0.30 0.750 1.008 1.016 1.000 0.999 1.005 0.999 1.0120 0.9995 1.0020 
0.35 0.875 0.921 0.911 0.925 0.926 0.926 0.9295 0.9180 0.9260 


inspection Table No. seen that the values the 
ratio are quite concordant for the four experiments made Sec- 
tions and but, for Section they are appreciably different; being 
less, the extent 0.05, for the central region, more, about 
0.01, for the region the perimeter. The reason ‘this difference 
apparent once, for, because the contraction which takes place 
the entry the pipe, the ratio the velocities not have the same 
values that exist further when uniform regimen established; 
this readjustment progressive, and but imperfectly realized when 
the fillets reach Section only distance from the entrance; 
the equality the ratios for Sections Band shows that the velocities 
are readjusted upon reaching Section therefore Sections 


er- 
the 
ent 
the 
ught 
indi- 
this 
rans- 
icker 
were 
early 
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Bazin. and that furnish data the true distribution velocities for the 
conditions regular flow. Taking the means the ratio the 
four experiments these two sections, there results, the first place, 


for the central velocity dividing the differences 


and comparing the values thus obtained with those 
Formulas (1) and (2) there results Table No. 63. 


witH (1) AND (2). 


q 
| 
mental 
Values 
ment. (2) 
0.125 1.1605 0.0070 0.50 0.04 0.12 
0.250 0.0200 1.10 0.33 0.31 
1.1258 0.0417 2.29 2.59 1.11 0.30 —1.18 
0.500 1.0923 0.0752 4.13 4.00 0.18 
0.625 0.1202 6.60 5.58 5.18 —1.47 
0.1667 9.16 7.34 8.86 1.82 
0.875 0.9220 13.49 9.25 14.07 4,24 
0.937 0.8465 0.3210 17.64 10.26 17.30 7.38 —0.34 
0.7415 0.4260 11.30 21.00 —2.41 


Table No. shows that neither formula represents, through the 
entire series, the results experiment. That Darcy applies 
well the central portion, but diverges rapidly when exceeds 
Formula (2), the other hand, fits well the outer region and gives 
too low values for the center. render the results easy compre- 
hension, the experimental values are represented graphically, with 


the values abscissas and those for ordinates, Fig. 


103, with the two curves and representing Formulas (1) 


below 0.6, For- 
mula (1) applicable, while above that limit the divergence rapid, 
and then Formula (2) may better substituted; the latter shows 
better the character the general phenomena, except for the central 


and (2). The figure shows well that, for values 


proposed corrective term can found apply the 


second member bring the results more closely harmony with 
experiment. obtain first approximation, term 


region, where furnishes values little isnow 
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102. 103. 
23 
1b 5) 
us 
8 
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0,40 0,45 0,50 0,55 0,60 0,65 0,70 0,75 0,30 0,45 0.90 0,95 1,00 
Values of |_| 9 
Ze loca 0.19 8 
-v ry f 


0.30 0.40 0.45 0.50 0.55 0.60 


Values 


1,00 


V-v 


Values of 


4 
q 
™ | | 


Mr. Bazin, 


introduced, and there results: 


quite appreciably without notably affecting that Those which 
appear the most accordant are 27, and but results are 
obtained but little different with The formula, 
being thus considerably simplified, becomes reduction: 


values are adopted for and Formula (3) does not 
fit the points near the perimeter, where furnishes always for 
value little above 21, while that from experiment 23.41; 


this last quantity, true, does not result directly from experiment, 

but simply from prolonging the curve judgment; nevertheless, 

clear from inspection the figure that the true value above 23. 

Useful results may now obtained either adopting value very 


complex form, abandoning the expression the first 
approximation, and looking for another totally diffcrent empiric 
formula. The expression 


which corresponds graphically the arc ellipse, applies 
near the perimeter, and making 29.5 and 0.95, gives 
22.90 the wall. the outside this special region, these dif- 
ferent formulas follow very closely, far can judged from the 
graphical representation adopted with Formulas (1) and (2); dividing 


and replacing and their numerical values, the formulas 
can written: 


The two curves, Cand corresponding these equations 
are shown Fig. 103 which each may merged with that 
Formula (2) between abscissas 0.75 and 0.95. From 
there, Formula (6) separates from the two others. 

examine the preceding expressions regarding the 


mean velocity and the ratio and considering first Formula 


| 


and integrating, 


and, making 0.0182, there results 1.1643, and experiment 


shows 1.1675. There follows, applying Formula (2), 


1.1529. With Formula (1) there results value 
decidedly too small, 


Effecting the same integration with Formula (4): 


there 


value identical with that the last formula. 
position the mean velocity easily determined from For- 


mulas (5) and (6) making and replacing its value from 


(7) (8). From these, determine the distance the fillet mean 
velocity, have, 


from which 0.74, approximately, for both cases. Formula (2) 
gives value but little different: 0.787, but the formula 


Darcy gives the much lower value 0.689. 


: 
| 
| 
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Making comparisons the two empiric formulas presented above, 
the values which they furnish are calculated. Table No. 
gives these different values compared with the experimental results, 
which one may judge the degree approximation. 


witH (5) (6). 


experi- 


ment. 
Formula 
(5). 
Formula 


(6) 
Formula 
(5). 
Formula 
(6) 


MEAN ERRORS. 
Taking 
account account 
sign. sign. 
Formula 0.0074 
0.0054 


EES 


= 


sees that the differences between the observed and calculated 
values are small importance. Fora similar comparison with the 
experiments Darcy, must remarked, the beginning, that 
the distances and which the velocities and are measured, 
are not exactly one-third and two-thirds the radius. The true 
values and are shown Table No. 65. 


Designation Series. 


Pipe 0.19 

Pipe 0.24 diam., with deposits... 
Pipe 0.24 diam., cleaned......... 


the discussion these results, Darcy, correct the velo- 
cities and multiplied them coefficient which varied some- 
what from one experiment another; order not complicate the 
subject the introduction foreign elements, this coefficient has 
not been taken into account the formation Table No. 66; but its 
value given, for reference, Column 


R R R 
Meters. Meters. Meters. 
0.0440 0.0880 0.362 0.724 
0.0520 0.1020 0.350 0.687 


Experiment. 
(2) (3) (4) (5) (6) (7) 
Series 0.19 Diameter. 
1,189 1.069 0.988 |The velocities and are 
1,128 0.0244 1.249 1,192 1.084 0.925 enerally equal above and 
1.488 0.0239 1.216 0.966 the center. When 
1.167 0.964 they are not, the mean 
2.506 0.0239 1.208 1.152 1.086 0.969 the values each has been 
0.0285 1.206 1.030 0.975 taken. 
Calculated Values 
0.707 1.178 1.085 0.929 1.057 higher for this second 
1.547 0.0841 1.239 0.999 0.988 series than for the other 
0.0840 1,249 1.164 0.990 0.993 three; this series was 
0.0340 1.242 1.158 0.965 pipe, the sur- 
with deposits; was the 


Series Pipe 0.24 Diameter; cleaned. 
0.537 0.0265 1.277 1.220 1.07 


076 

Calculated Values 


Series Pipe 0.30 Diameter. 


Means. 0.0255 1.158 1.086 0.967 
Calculated Values 
Formula 1.185 1.087 


ratios velocities they are given Table No. are 
calculated the aid the experimental results, without correction. 

mean velocity was the result direct measurement, 
the velocities and are deduced from the formula 
where the difference elevation between the fluid surfaces 
the two columns the instrument. the end each 
series have been introduced, for purposes comparison, the mean 
values and from experiment, with their values computed 
from Equation (6) introducing the mean value the coefficient 
applicable the series considered, 
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2.365 0.0244 1.199 1.147 1.047 0.955 


are similarly presented Fig. 103, the eight points, 


which the co-ordinates are the mean values and for each 

series, which values were calculated from the foregoing experimental 

data, without making use the coefficient correction. 

results obtained for the pipes 0.19 and 0.30 diameter 
concord well with those Formula mean ratio experi- 
mental calculated values being, for the means the former, 1.004, 
and the latter, this last mean raised unity the first 
experiment the series, which seems anomalous, rejected. 
not thus with the series the pipe 0.24 diameter, where, for the 
first series (pipe covered with deposits), the mean value for the ratio 
0.941, and for the second (pipe cleaned) 0.955. appears that 
the values the velocities have decreased about these cases, 
from some unexplained cause; the introduction foreign bodies 
the orifices the instrument may have perhaps caused the varia- 
tion; such accidents occurred quite frequently, Darcy himself 
has stated; and has had reject series experiments, made 
upon iron pipe lined with bitumen, which was affected this 
manner. has been seen that somewhat similar accident has pre- 
vented the use one the experiments Section the writer’s 
pipe 0.80 diameter. 

John Freeman, Am. Soc. E., with Pipe 
Diameter.*—These experiments were made upon the jet dis- 
charging from straight piece brazed brass tubing in. di- 
ameter and ft. long, which was screwed the diameter tip 
fire-nozzle fed hose, under fire pressure. The point the 
instrument used for measuring the velocity was made from that 
fine stylographic pen mounted upon connecting 
Bourdon gauge, from which the pressure was read. The observations 
were made sliding this point across the jet about in. from the 
end the pipe. 

Table No. shows the results obtained Mr. Freeman, and ar- 
ranged him graphically large scale. The velocities are not 
exactly alike above and below the axis, and that engineer attributes 
this the method manufacture the pipe. However, the differ- 
ence small consequence, and the mean the two values for 
symmetrical points has been used. 

and Table No. are calculated from Formula 
(6); the value not determined the experiment, has been 
necessary for applying that formula, adopt one which best 
adapted the experimental results. making 29.5 0.625, 
the agreement between the experimental and computed values 
quite satisfactory. This accordance appears inspection 
Fig. 103, where the experiments Mr. Freeman are represented 
graphically the same manner those previously described. 
one adopts, for the very special case which are considering, the 


coefficient 29.5, there results for value, 0.0212, somewhat less 
than the coefficients obtained Darcy for the pipes 0.027 and 


Mr. Freeman’s own description the used these experiments 

found the Transactions this ol. xxi, 411, the translator 

extends.—G. 
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0.40 diameter, which coefficients were all comprised between 0.025 Bazin. 
and 0.029. Nevertheless, considered that the observations repre- 

sented exceptional conditions, the velocities exceeding per 
second; seems that arriving the terminal orifice, after flow 

1.50 m., only (about diameters), the velocities the fillets have not 

yet again assumed the normal distribution velocities conforming 
Formula (6); but the position the mean velocity notable, which 

the distance 0.74 agrees very well with the case the writer’s 

pipe 0.80 diameter. 


No. Mr. FREEMAN. 


Values 


Differences: 


| v 
Formula Remarks. 


minus 
(6) 


(6) 


Distance from 
center 
Ratios, 
Velocities, 
Ratios, 


= 
~ 


~ 


The mean velocity 
obtained 
dividing the total 
section into con- 
centric rings,and 
multiplying the 
area each ring 
corresponding 
it, and summing 
these products. 
This gives for 
the value 62.5 ft. 
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Résumé.—The preceding discussion may condensed into few 
words. The first experiments Darcy led him consider the 
definite law decrease velocity away from the center, Formula (1); 
but did not work all with pipe large diameter, and did 
not measure the velocities beyond point two-thirds the radius. 
The new experiments, made few years later under his direction, were 
extended semi-circular canals much larger dimensions, which 
permitted the multiplication the points observation the divis- 
ions concentric circles; these experiments produced Formula (2). 
According the new expression, the decrease was less rapid the 
central region than was supposed from Formula (1), but was more 
pronounced beyond two-thirds the radius. question was then 
raised whether were possible always compare full closed 
pipe, which the flow took place under pressure, with open semi- 
circular canal where the absence pressure along the free surface 
favored the production irregular motions. such comparison 
were legitimate for the outer region not explored 1850, was not 
much for the central region. was necessary, solve the ques- 
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able than those which Darcy had, and multiply the points 
observation, the open canal. For this purpose has been utilized 
the canal which were carried on, with the support the Minister 
Public Works, the study flow over weirs. This canal, built Dijon 
and furnished with intake from the Canal Bourgogne, afforded 
excellent opportunity for these experiments, and their execution 
has been entrusted Hegly, who has been the writer’s command 
for several years the study weirs. The assistance that saga- 
cious and experienced co-laborer considered very valuable, and has 
enabled the determination with precision the distribution veloci- 
ties pipe 0.80 diameter. 

distribution more complicated than indicated either 
Formulas (1) (2), each which only applicable one part ofthe 
section, Formula (1) the central and Formula (2) the outer 
region. The latter, however, that which conforms most closely 
the facts whole; requires corrective term adapt the 
central region, when the divergence the two formulas beyond this 
not very great. This correction not necessary open canal 
where the motions which occur near the free surface check the regular 
decrease velocities; under such circumstances Formula (2) gives 
more accurate representation the phenomena than Formula (1) 
which was derived from the case pipe. The difference the two 
modes motion appears thus the central region, but that region 
only; for the distribution velocities becomes the same for the two 
cases when they depart from the center the section.” 


addition the literature hydraulics, brings the notice 
engineers and experimenters extremely ingenious and useful instru- 
ment for the accurate measurement small differences hydraulic 
head pressure, well new application the Pitot tube. 
vast amount careful thought, patience and labor the part the 
authors also plainly evident the various experiments described 
and the interesting results reached, and therefore becomes very 
cult prepare adequate discussion the latter, especially the 
investigations curved pipes are limited deflections 90° only. 
There are, however, few points which seem the speaker capable 
being made somewhat clearer the authors, and hoped that the 
same will receive consideration their closure the discussion. 

The first with reference the means which the pressure open- 
ing the Pitot kept truly normal the direction the 
axis the pipe, and the effect slight divergences from the proper 
position different points the ‘‘traverse.” inferred from the 
description that cross-arm the upper part the instrument indi- 
cated approximately whether the pressure opening was normal the 
pipe’s axis, also that slight divergence did not produce apprecia- 
bly different result. this true, the usefulness the instrument 
materially increased avoiding loss time delicate adjustment 
each point observation. using such tubes open streams 


tion, work with pipe large diameter for conditions more favor- Bazin. 


Am. Soc. E.—This paper most valuable Mr. 
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jets, vanes may serve keep the opening normal the current; but 
they cannot applied the case pipe under pressure, 
important know what effect little obliquity produces. 

The next point relates the marked irregularity many the 
velocity curves for currents less than ft. per second the several 
pipes. very probable that these irregularities are not due 
lack sensitiveness accuracy the instruments, but constant 
shifting the position the water filament having the greatest 
velocity, spiral motion the same; and the question arises 
whether simultaneous observations number consecutive cross- 
sections, ft. apart, would not demonstrate such spiral motion. 
this event would follow that for each instant time the true 
velocity diagram would represented regular curve having its 
vertex some distance one side the axis the pipe, instead 
the irregular figures shown the drawings, which indicate that 
the successive thin cylindrical shells water from the axis outward 
have alternately greater and smaller velocities. 

The consideration this question naturally involves the accuracy 


all gaugings made isolated observations the velocity differ- 


ent points the cross-section body moving water, and the 
method that should pursued making such observations order 
obtain the most correct value the computed discharge. Ina 
pipe limited diameter, reasonable presume that only single 
filament water acquires the maximum velocity, and that all contig- 
uous surrounding filaments cylindrical shells have smaller 
velocity which gradually decreases the nearer they approach the 
sides the pipe. Furthermore, observation small immersed and 
floating objects open channels uniform section and moderate 
size shows that when the current not rapid their motion usually 
curvilinear spiral; hence, analogously, similar motion may 
presumed exist water flowing under pressure through pipe. 

this basis, obvious that true velocity diagram can ob- 
tained only making relatively large number observations 
simultaneously the same cross-section; but such procedure 
impracticable, follows that with the Pitot tube should 
the best attainable speed with this instrument, the least number 
observations consistent with accuracy, and the probable error the 
discharge. determine these matters, other experiments will doubt- 
less necessary, and reference thereto has been made the hope 
eliciting from the authors further particulars concerning the manipu- 
lation instrument which has heretofore found only limited 
application hydraulic operations. 

also follows, from the foregoing, that the low mean velocities, 
deduced from the observations with the Pitot tube straight lines 
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pipe not possess high degree accuracy, the corresponding Mr. 


values the coefficient, the Chezy formula, RS, are 
equally doubtful value; and hence the law variation the value 
for different values exhibited Table No. for straight 
cast-iron pipe, not firmly established. For the higher velocities, 
the other hand, the data are much more satisfactory. 

With respect the resistance loss head curved lines pipe, 
the experiments indicate either that the teachings our standard books 
hydraulics are erroneous, else that the results former observa- 
tions this direction have not been rightly interpreted, the conclu- 
sion reached the authors directly opposed what set forth 
the most recent treatises. must remembered, however, that the 
authors’ experiments are limited curves 90° and that 
similar observations other degrees curvature are necessary before 
new theory curve resistance can established. The problem 
complicated, furthermore, the use compound curves varying 
radii make the given deflection, with the direction flow always 
from the flatter the sharper curvature. This leads once the 
question whether the resistance would the same the direction 
the current were reversed. The influence the joints the com- 
pound curves also requires careful study, before the whole the ob- 
served loss head can charged curvature, possible thata 
break the continuity the interior surface may induce consider- 
able resistance. 

The foregoing remarks are submitted without the intention de- 
tracting the slightest degree from the great value the authors’ 
work, but rather the hope stimulating their interest the investi- 
gations which they have undertaken, and evoking further contribu- 
tions from them. With their skill, experience and ingeniously devised 
appliances, they are particularly well fitted for prosecuting practical 
research this branch hydraulics, wherein there evidently room 
for much advancement; and, hence, the speaker earnestly looks for- 
ward the presentation future papers which their interesting 
work will continued. 


Ferris, Esq. (by letter).—Aside from the remarkable con- 
clusions reached the authors, one the most striking things about 
this paper the immense amount painstaking labor expended 
making, verifying, and reducing the experiments. this case, the 
expenditure was justified the importance the investigation and 
the results obtained. There are, however, many problems measure- 
ment water occurring continually the practice engineering, 
which might the methods fully illustrated this 
paper, but that the labor and expense involved are too great 
incurred. 


glance over the pages the paper shows that large part the 
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work consisted calibrating the instruments used, especially the Pitot 
tubes. the writer’s object, brief discussion, call attention 
some facts relative Pitot tubes, which seem indicate that the 
instrument may made sucha manner require calibration 
for all ordinary work—that is, for work where the difference between 
error and error not worth great deal labor and 
money. 

paper the Pitot tube,* Mr. William Monroe White, New 
Orleans, should read all who are interested this subject. 
From his experiments, Mr. White draws two very important conclu- 
sions: (1) The head shown the impact opening pair Pitot 
tubes not affected the size shape the impact nozzle, pro- 
converging diverging cone. (2) The head due the impact tube 


always exactly equal the velocity head, the instrument 


whole shows different result, due suction impact the static 
opening. 

These results are qualified the fact that they were not obtained 
under pressure closed pipe, and may possibly not exactly apply 
under those conditions. the discussion Mr. White’s paper, the 
writer cited series experiments made himself which seemed 
show results variance with these conclusions; Mr. White, however, 
has pointed out possible source error; and including data the 
paper now under discussion, the weight evidence seems that 
Mr. White’s conclusions apply closed pipes under pressure. 

the impact opening pair Pitot tubes shows the exact 
velocity head plus the static head, only necessary construct the 
static opening such manner that will show the exact static 
head. The reading the pair tubes connected differential 
gauge will then give the exact velocity head. well-known 
fact, especially through experiments with the Venturi meter, that 
simple drilled hole the side pipe, normal the axis, does 
show the static head correctly within percent. That is, the 
head shown such tube equal the total head that cross- 
section, less the head due the average velocity flow through the 
section. this static opening does not come contact with the 
average velocity, but with much smaller velocity, while velocity 
higher than the average exists the center the pipe, especi- 
ally noteworthy that indicates the average, and not the velocity adja- 
cent itself. 

has usually been thought experimenters that vital point 
making accurate Pitot instrument have the two openings 
exposed the same velocity. Hence the openings were both included 
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the instrument inserted into the The result has been that Mr. Ferris. 


almost every pair tubes has coefficient different from every other 
pair, and rarely, ever, equal unity. The variation has been sup- 
posed mainly due variations the impact opening. 

Turning now the paper under discussion, there are given, page 
the five sets experiments with five different 
Pitot tubes, inserted 2-in. pipe under head about ft. 
these cases, the static pressure was taken from chamber surrounding 
the pipe, and communicatiag with the interior four holes, in. 
diameter. The impact nozzles four the tubes tested were shapes 
revolution, and all these tubes have coefficients within unity. 
The fifth tube had impact opening peculiar shape—a round 
hole knife-edge, giving notched side view—and hence the head 
shown this tube for given velocity much lower; that is, its coef- 
ficient higher. 

Assuming that the velocity figure ellipsoid revolution, 
believed the authors, the locus mean velocity 
about three-fourths the distance from the center the circumfer- 
ence acircular pipe. inserted long stretch straight pipe, 
Pitot tube constructed indicated (the nozzle shape revolution 
and the static opening the side the pipe) may expected give 
results accordance with the formula when the impact 
nozzle onthis mean-velocity circle. Or, the nozzle the 
center, the true mean velocity will 0.84 the velocity the 
formula, the true velocity head will 0.707 the observed head. 
The safest way put the nozzle center traverse 
made, slight shifting the velocity curve will cause less error. 

The writer does not think essential have the circumferential 
into the side the pipe and filed off flush inside, probably nearly 
accurate. 

From the foregoing facts, taken connection with his own experi- 
ence making such observations, the writer thinks that good results 
may obtained with simple piece brass tube, bent 
face the flow the center the pipe, and simple piezometer open- 
ing the side the same cross-section. These should connected 
air-gauge (i. e., inverted with compressed air the top) 
described the paper, for mean velocities between and ft. per 
second, the gauge made tubes ins. long. For mean veloci- 
ties from ft. per second, the same gauge may turned upside 
down and filled with mercury. this case the connection between 
the tubes, not continuous bend the glass, should steel, 
cast iron, copper, resist the action the mercury. long 
stretch straight pipe not obtainable, the impact nozzle should 
made permit traversing. 
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working all observations for measurement flow, well 
remember that slide rule more accurate than the data them- 
selves, and saves great deal labor with little loss accuracy. 
For checking results, well emphasize still further the benefit 


and easy application the straight-line diagram extensively used 
the authors. 


the subsequent discussions thereon are voluminous and elaborate 
that the writer frank admit that has failed give them 
that critical study which their importance merits. was certainly 
startled learning that actual experiments have shown resistance 
diminish proportion the diminution the radius curvature, 
but, his somewhat superficial examination has not deceived him 
the conditions the experiments, thinks that the foregoing 
hardly fair way putting it. His understanding the case, 
which, perhaps, erroneous one, this: was found that 
certain length pipe, say, for instance, 000 ft. (although the experi- 
ments were made much shorter lengths), was made change its 
direction through 90°, its resistance flow less the pipe 
divided into two straight lengths of, say, 990 ft. each, connected 
ft. pipe curved radius ft., than the whole ft. 
were thrown into single curve, which the radius would 274 ft. 

Now, must borne mind that these two different dispositions 
pipe could not used join the same two points, although the 
length pipe would the same both cases. the case the 
abrupt bend, the distance between the two ends the pipe 
straight line would about ft.; and the case the easy 
curve, would about 800 ft. 

seems the writer that the practical presentation the problem 
would this: Given, two points, distant from each other straight 
line 400 ft., would greater delivery secured joining them with 
ft. pipe turned the middle abruptly through 90°, 
571 ft. pipe the same diameter, laid uniform curve 000 
ft. radius, being understood that the two tangents both cases 
should right angles each other? The water-supply engineer 
would not long making his decision. But, again: Should he, 
preferably, liberty follow any line pleased, lay his pipe 
along the straight line 400 ft. long, joining his two fixed points, 
using sharp bend through 45° each end? Probably would 
consider this the best arrangement all. 

The writer must apologize for contributing only these hastily 
written lines discussion that has called forth much mature 
thought, his object being suggest that, from practical point 
view, the question not much how best bend given length 
pipe, regardless what becomes the two ends, determine the 
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best way join two given points from which are laid two pipe lines Mr. Gould. 


having different directions. thinks that, other things being equal, 
the practical decision will always favor the shortest line. 


greatest interest, most persons least, found Con- 
clusion where stated that ‘‘curves short radius, down 
limit about diameters, offer less resistance the flow water 
than those longer radius.” This, stated the authors, 
directly opposed all received theory and practice, and naturally 
demands explanation, which the authors not pretend give. 
Let us, therefore, consider, first, why curved pipe should offer 
any greater resistance the flow water than does straight 
pipe. The answer found the effect the centrifugal 
force which inseparable from the passage water through curved 
pipe. this, not meant that the pressure due the centri- 
fugal force increases the friction the side the pipe furthest from 
the center curvature (which, for convenience, will hereafter 
called the convex side), because, well known, the friction 
water against the inside pipe entirely independent the 
pressure. The effect the centrifugal force divide the flowing 
water into two parts having opposite spiral motions. This absorbs 
energy and also increases the velocity the water contact with 
the pipe, resulting greater friction and resistance. understand 
how this effect produced, let conceived that the curve 
vertical plane with the convex side up, and that view taken 
transverse section the curve short distance from its commence- 


ment. When the water enters the curve from the straight pipe, its 


greatest velocity the center; when.deflected the curvature, 
centrifugal force developed all parts the water proportion 
the square the velocity each part. the mean velocity 
only 84% the maximum, follows that the centrifugal force the 
water the center will exceed that the remainder about 42%, 
the average, and will, virtue that superior force, driven 
toward the convex side the pipe, displacing the water already there, 
until, approaching the pipe surface, the friction there existing will 
diminish its velocity and, even more rapid ratio, its centrifugal 
force, and will turn give place the more rapidly moving water 
from the center. Looking now the transverse section which has 
been conceived, the water the center will seen moving contin- 
uously upward, until, reaching the inner surface the pipe, sepa- 
rates right and left into two portions which flow out, down, and 
around the main body water meet the bottom and fiow 
again continuous circuits. the pipe were transparent and the 
course the water, viewed from one side, could traced some 
floating particles, the water the center would seen rising, 
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Mr. and proceeding with ever increasing velocity rose, shown 


Figs. and 12, until neared the top the pipe; when would 
gradually retarded the friction, and would flow out and down, 
long spirals gradually diminishing pitch, again rise the 
center. Now, the average forward velocity the water must 
all cases the same (provided the area the pipe unchanged), 
follows that this spiral motion must give increased actual velocity 
the water proportional the secant the average angle which 
the different threads the stream make with the axis the pipe, and, 
the energy moving body proportional the square its 
velocity, the energy absorbed the water will increase even 
more rapid ratio. 

This one source increased resistance curves. Another 
found the increased friction due the greater velocity with 
which the external water, owing its spiral motion, moves over the sur- 
face the pipe, and this also increases the square the velocity. 

Another source resistance probably found the 
irregular disturbance the water the points where the spiral 
currents separate and where they come together again. 
not conceivable that these currents will turn sharp right angles 
where they meet and leave the walls the pipe, there must exist 
those points, viewed cross-section, triangular areas, greater 
less extent, which there are all sorts eddies and counter 
currents, with corresponding absorption energy and increase 

From these considerations, would seem sufficiently clear 
why curvature increases the resistance the flow water pipe. 
now remains see what relation the resistance bears the radius 
curvature, which really the interesting part the whole ques- 
tion. The centrifugal force unit section the water inversely 
the radius, but the length time that the centrifugal force acts 
upon the unit section directly the radius. found that 
the energy falling body proportional the square the 
time during which the force gravity acts upon it, and, the 
same reasoning may applied the case hand, will found 
that the energy the spiral motion developed unit section will 
directly proportioned the length the curve, and hence the 
radius curvature. The resistance, course, will similar 
ratio. But this does not mean that the energy the water when 
leaves the curve has been increased amount exactly propor- 
tional the length the curve, for much the energy will 
absorbed fast generated the increased friction the internal 
surface the pipe due the increase the superficial velocity 
the spiral motion. fact, there way determine the pro- 
portion which these three factors resistance bear each other, 
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impossible say more than that the total resistance will increase Mr. Brincker- 

some proportion the length the curve, that is, with the 
radius curvature. The diagram, Fig. 90, showing the relative 
excess loss head curves 90° diameters length, would 
seem indicate that for radii above diameters the resistance 
increases almost uniformly with the length the radius, and very 
nearly direct proportion thereto, plus constant about per 
cent. Below radius about diameters, the resistance begins 
greatly increase inverse proportion the radius. This may, per- 
haps, part accounted for material change the condition 
the flow. With very short radius and high velocity the water 
may leave the concave side the pipe altogether. This will, that 
extent, reduce the effective section the waterway and, adding 
the velocity, increase the resistance; and the space should 
filled with turmoil little eddies, likely the case 
with high pressures, the resistance will still further increased. 

Having now shown the probable cause, not only for the resistance 
curves, but also for the increase that resistance with the radius 
curvature, remains seen any means can devised 
which that excess resistance may reduced. Two expedients 


will suggest themselves. First, increase the area the pipe 


curves such ratio that the excess energy, due the increased 
velocity the spiral motion, shall balanced the reduction 
energy due the slower forward motion the water whole. This 
would mean, practically, that the average velocity the water was 
not changed, but that advanced spiral lines instead lines 
parallel the axis the curve. the spiral motion must grad- 
ually produced, and probably even more gradually checked, the 
enlargement should gradual from the commencement the curve, 
and the reduction should also gradual from the termination the 
curve. This would avoid most the resistance due the production 
and absorption energy. the enlargement were such that the 
spiral velocity remained the same the surface the straight 
pipe, then the friction would increased only proportion the 
diameter the pipe, obviously less than the bore were not 
enlarged the curve. The third cause resistance, the little groups 
eddies the convex and concave sides the pipe, could 
gotten rid simply displacing them V-shaped ribs which 
would gently part the spiral currents and gently permit them 
flow together. That the enlargement the curves and the introduc- 
tion the ribs will cause some reduction resistance, seems alto- 
gether probable. That they can entirely remove altogether im- 
probable, but the experiment worth trying, and experiment alone 
can determine the exact form and size the section least resistance 
for curved pipes. 
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Esq. (by letter).—This valuable paper has been 


studied the writer with intense interest, describes course 
experimental research similar one carried him independently 
during almost the identical period time, viz.: October, 1896, 
March, 1901, with, however, two years’ interruption his work, dur- 
ing 1898 and 1899. 

1896 there was need means for measuring the flow water 
the water-works pipe system Terre Haute, Ind., for which John 
Cole, Am. Soc. E., was consulting engineer, and after con- 
sidering the use the Venturi, the Deacon, and the ordinary 
meters, was decided that, for the purposes waste-water survey, 
would advisable find some more economical method meas- 
uring the flow water pipes. 


outside 


ORIFICE 


inside 


104. 


The writer, who associated with Mr. John Cole, finally acted 
suggestion obtained from Professor Carpenter’s work, 
Experimental Engineering,” regarding the Pitot tube, applied 
water mains. 

search was made among technical papers, etc., and correspond- 
ence was carried with hydraulic engineers, for the purpose 
ascertaining what had been done others this field, but little help 
could found, aside from descriptions the open-stream form 
instrument, Darcy, the Mémoires the Société des Ingénieurs 


Civils France, and several more recent investigators open- 
stream work. 


CORPORATION 
| ri N N 


The writer, therefore, had choice but 
work out alone the many little details, 
which first presented exceedingly great 
difficulties, especially when the object sought 
was accuracy the lowest possible veloci- 
ties. 

Two orifice tubes were finally adopted 
which could introduced through 1-in. 
corporation cock means special cap, 
each with hook bent 90° and provided with 
shown Fig. 104. Many 
series calibrations were made with orifices 
and tubes various diameters, but, finally, 
choice was made orifice having 
internal diameter made common 
brass tubing, fitted tubes, 
shown Fig. 104. 

was found that orifice and tube 
this size gave more reliable indications 
low velocities, and that there was less trouble 
with negative readings failure return 
equilibrium flow. 

glass U-tube, ins. long and having 
internal diameter in., was used from the 
first with excellent results. Connections were 
made with }-in. cloth-insertion rubber tubing, 
and blow-off was located the top each 
connection remove air. was found that 
small brass pinch-cocks were best adapted 
shutting off the water these blow-offs, and, 
fact, after repeated failures, was decided 
that form ordinary valve was all 
suitable, owing the likelihood the 
occurrence minute seepage leaks. 

The lower half the U-tube was filled 
with mixture carbon tetrachloride and 
gasoline, with specific gravity 1.25 
ordinary temperatures. Careful notes were 
made the temperature which observa- 
tions were taken, and temperature correc- 
tions were applied where found necessary, 
although some places the specific gravity 
changed suit the temperature which the 
tests were being made, that substantial 
correction was required. The object was 
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WEIR CALIBRATIONS 
CENTER PIPES. 
(DIFFERENTIAL 
Light lines show variation from mean. 
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Date Temp. Orifices Used 
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Points on true parabola marked 
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Velocity at Orifices, in Feet per Second, 


U-Tube Deflections, in Inches. 
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maintain uniformly differential effect within the U-tube, equivalent 
four times the simple water head. This ratio the man- 
ometer was used all the calibrations, and was found most convenient 
for the range velocities used. 

order obtain rating the Pitot tube, series standard 
cast-iron water pipes was placed line and provided with supply 
water from reservoir giving constant pressure approximately 


RATIO MEAN CENTER VELOCITY 
VARIOUS SIZES STANDARD 
CAST-IRON WATER 


v= 6% “ 
o=- 16“ new « 
x™ 20 in. old pipe 


Velocity 
110. 


lbs. The discharge was measured over carefully calibrated rectangular 
weirs, and means were provided for regulating the flow through the 
line pipes. this way many series experiments were made, 
comparing the deflection the U-tube the center the pipe with 
the discharge, shown the weir for each the various sizes 
pipe tested. 
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The general plan the piping, with the various connections, and Mr. Cole. 
the location the several Pitot tubes, Fig. 105, the 
tubes being inserted the mid-length each size pipe, blow-off 
cock being placed insure the removal all air from the top 
the 12-in. pipe, which was the highest point the line. 

Fig, 106 shows five long series calibration curves which were 
obtained this and other lines pipe. should remarked that 
the defiections the U-tube plotted these curves are averages 
the vibrations noted the tube during each flow, which continued for 
about minutes, the weir flow being observed simultaneously. 

Fig. 107 shows the rating the standard form Pitot tube 
long, open trough, the tube being inserted upward through the bot- 
tom the trough, with orifices located about in. below the surface 
the running stream. The velocity the water was taken carefully 
means floats, and plotted directly with the observed deflections 
the U-tube. 

This diagram shows the calibration curves tube with 
orifices and also with orifices. They have been plotted side 
side show the variation the coefficient. The curve the 
instrument bas been adopted the standard; this instrument being 
that with which the various pipe calibrations were made. 

The open-stream calibration curve determines the absolute velocity 
the orifice, wherever may located within pipe, and use has 
been made this curve plot series transverse surveys, 
exhibited Figs. 108 and 109. 


TABLE No. CENTER VELOCITY. 


Approximate 


center velocity. 


4-In. 

1.79 1.85 0.965 

6-In. 

287 000 1,87 1.85 1.01 
404 000 8.17 8.20 0.99 

12-In. 

655 000 1.38 0.97 
960 000 1.89 2.07 0.91 
215 000 2.60 0.91 

740 000 0.82 0.95 0.86 


| 

~ 


Mr. Cole. 


1080 DISCUSSION FLOW WATER PIPES. [Papers. 


Special study has been made the ratio mean center 
velocity within the pipes calibrated, and the results these investi- 
gations are somewhat variance with the authors’ Conclusion 
the writer’s work the ratio mean center velocity not constant 
for pipes all sizes, though may for various velocities the same 
pipe. few examples have been taken from the accompanying cali- 
bration curves, with the computed ratios, for the purpose illustrat- 
ing this point (see Fig. 110). The ratios the mean the center 
velocities are shown Table No. 69. 

Attention should called the fact that, the pipes calibrated, 
the and 16-in. pipes were new, while the 12-in. had been use for 
some years, and was slightly tuberculated. 

The diameters these pipes were taken before putting them 
place, but correction for the slight deviation from the standard 
diameter was made this work. 

may interest add here, that considerable time was spent 
perfecting recording device for this instrument. was found that 
photography was the only practicable means registering continu- 
ously the deflections the U-tube. Plate shows the recording 
instrument, which, for lack better name, has been called the 
photo-pitometer. This instrument combines, upon one photographic 
diagram, record the static variations within the pipe, with record 
the U-tube deflections, the latter, necessity, being half- deflections 
shown the The instrument has shown itself capable 
producing good continuous record upon ordinary Velox paper, which 
convenient for this use. 

Notches, the slit through which the light passes its way 
the paper, are located that they produce horizontal rulings upon 
the record, corresponding the calibrated deflections taken from the 
curves. The combination static-pressure variation with velocity 
useful feature this instrument, aids interpreting the cause 
any given variation the flow. 

During the winter the writer was ably assisted 
Messrs. Burdick and Phillips, whom acknowledgments are 
due for their assistance the experimental work, and John Cole, 
Am. E., for providing the opportunity for these interesting 
but expensive studies. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


WILLIAM STARLING, Am. E,* 


1900. 


Although Mr. Starling frequently spoke Kentucky were 
his native State, was born Columbus, Ohio, January 25th, 
1839. His father was Kentuckian, but, shortly after being married, 
moved Columbus, where his uncle was large landholder. The 
family did not remain Columbus very long, however, but removed 
New York, where William Starling attended the then well-known 
Clark’s Grammar School, and later the University New York, 
whence was graduated 1856, his standing being indicated the 
fact that delivered Philosophical Oration. 

1857, his father failed business, and the family moved the 
prairies Illinois, where they remained three years, moving Frank- 
fort, Kentucky, the end that time. The Civil War was just com- 
mencing then, and William Starling entered the service the United 
States Army, where was soon made First Lieutenant the Third 
Kentucky Cavalry. Later, was promoted captaincy the 
Ninth Kentucky Infantry. did his first engineering work during 
this military service, beginning with some work for which regular 
engineer could spared. showed such natural ability and apti- 
tude for the work that was soon made Chief Engineers the staff 
General Van Cleve, who commanded the Fifth Division the 
Twenty-first Army Corps. 

the close the war, spent short time business New 
York, after which became interested plantation Sunnyside, 


-in Chicot County, Arkansas. planted cotton from 1868 1882, 


selling his plantation the latter year, when moved Greenville, 
Mississippi. Here resumed his work engineer, being mostly 
engaged levee work and United States Government surveys. 
devoted much his time and study levee works and river hydraulics, 
which fields became recognized authority, both America and 
Europe, and was appointed the position Chief Engineer the 
Mississippi Levee District, which position held for about ten years. 

After serving for short time with the United States Engineers 
work the Mississippi River, was appointed Member the 


Memoir prepared Leon Elie Lion, Assoc. Am. 
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Southwest Pass Commission, body created for the purpose for- 
mulating securing permanent deep channel through 
Southwest Pass, one the mouths the Mississippi River. This 
was his last, well his most important professional position, for 
died heart failure, Greenville, Mississippi, shortly after the 
board had completed its work. 

wrote number technical papers, with most which the 
members this Society are familiar. His paper, Some Notes the 
Holland Dykes,*” the principal, and won for him the Norman Medal. 
Besides this, wrote several other papers, among which were, 
Flood Heights the Mississippi River, with Especial Reference the 
Reach between Helena and Vicksburg,” Discharge the Mis- 
sissippi and Improvement the Mississippi River.” 
addition, contributed occasionally the discussions papers 
before the Society. Several papers, written for the technical press, 
are now published pamphlet form under the title The Floods 
the Mississippi.” 

Cornell University delivered series lectures hydraulics, 
which were highly spoken of. the time his death, had prac- 
tically completed work the Mississippi River, which had 
given many years labor and study, and which had involved thou- 
sands miles travel. yet, this work has not been given the 
public. 

Mr. Starling was man great force character. was daring 
his undertakings, and manly and frank his intercourse with men. 
His culture and breeding impressed all who came contact with him. 
manner was cheerful, and was ever ready with anecdotes, which 
could relate with the skill raconteur. 

had disposition which fortunate for engineer 
possess: was cheerful adversity and among discomforts, 
student camp, admired and liked his subordinates, respected 
and influential with the men who employed him. 

Mr. Starling was elected Member the American Society 
Civil Engineers September 7th, 1887. 


Transactions, Am. Soc. E., Vol. xxvi, 559. 
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MINUTES MEETINGS. 


THE SOCIETY. 


December 4th, 1901.—The meeting was called order 
President James Croes the chair; Charles Warren Hunt, Secre- 
tary; and present, also, 106 members and guests. 

The minutes the meetings November 6th and 20th, 1901, were 
approved printed the Proceedings for November, 1901. 

Allanson-Winn, Inst. E., Ireland, addressed the Society 
The Protection and Improvement Foreshores the Utilization 
Tidal and Wave Action,” illustrating his remarks with lantern slides, 
showing the work accomplished the use long low groynes 
Dymechurch, Deal, Southwold, Cromer, Mundesley and other places 
the East Coast England; Borth, Wales; and Middlekirk 
and Mariakirk, Belgium. 
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The subject was discussed Messrs. Francis Collingwood, 
Rudolph Hering, Emil Kuichling, Thomas Pitts, Allanson-Winn, 
and others. 

Ballots were canvassed, and the following candidates declared 


The Secretary announced the election the following candidates 
the Board Direction December 3d, 1901: 


MINUTES MEETINGS. [Society 


MEMBERS. 


JAMES WALLACE Detroit, Mich. 
ARTHUR CRISFIELD Winnipeg, Man., Canada. 

ALEXANDER Baltimore, Md. 

St. Louis, Mo. 

Fort Washington, Md. 

South Perth, Western Australia. 
Sumner Pittsburg, Pa. 


MEMBERS. 


Francis Fort Morgan, Ala. 
New York City. 
Jefferson City, Mo. 


JUNIORS. 


Howarp Ives, Worcester, Mass. 

Ports, Bayfield, Wis. 

Ryan, New York City. 
Howarp UNDERWOOD, Philadelphia, Pa. 
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The Secretary announced the death the following members: 
elected Member, October 6th, 1897; died 
November 15th, 1901. 
elected Fellow, June 7th, 1876; died September 
18th, 1901. 
The Secretary announced that the ballot the appointment the 
Proposed Special Committee Rail Sections would canvassed 


the meeting the Board Direction held January 7th, 1902, 


Adjourned. 


December 18th, 1901.—The meeting was called order 8.40 
President James Croes the chair; Charles Warren Hunt, 
Secretary; and present, also, members and guests. 

paper Charles Tutton, Am. Soc. E., entitled 
Proposed Solution Some Hydraulic Problems,” was presented 
the Secretary, who also read communications the subject from 
Messrs. Irving Church and Clemens Herschel. 

The subject was discussed orally Messrs. Rudolph Hering, 
O’Rourke, James Croes, Robert Gorsuch, James Owen, 
Kuichling, Knap, Allen Hazen and Joseph Knap. 

The Secretary announced the death the following members: 

elected Member January 8th, 1873; died 
December 11th, 1901. 

elected Member March 2d, 1881; died December 
17th, 1901. 

The Secretary also announced the programme for the Annual 
Meeting. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


December 3d, 1901, M.—President the Chair; Charles 
Warren Hunt, Secretary; and present, also, Messrs. Bensel, Briggs, 
Haines, Hering, Knap, Morison, Seaman and Turner. 

progress report was received from the Committee Proposed 
Census Municipal Public Works. 

William Kennedy, Am. E., Portland, Oregon, was 
appointed Director fill the vacancy caused the death George 
Quinlan. 

Charles Warren appointed arrange for the Annual Meeting. 


t 
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was decided that the next meeting the Board Direction 
held the evening January 7th, 1902, and that the first meeting 
the Society January postponed one week, and held the evening 
January 8th, 1902. 

Applications were considered, and other routine business trans- 
acted. 

Nine candidates for Junior were elected.* 


Adjourned. 


ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, January 8th, 1902.—8.30 date the first 
January meeting, originally falling New Year’s Day, has, order 
the Board Direction, been changed this evening. meeting 
will held January ist, 1902. Ballots for membership will 
canvassed, and paper Elnathan Sweet, Am. Soc. E., entitled 
Important Phases Canal Navigation, Recent 
Experiments Germany,” will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, February 5th, 1902.—8.30 m.—At this meeting 
ballots for membership will canvassed, and paper Ernest 
Goodrich, Jun. Am. Soc. E., entitled Supporting Power 
Piles,” will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, February 19th, 1902.—8.30 m.—At this meeting, 
paper Walter Loring Webb, Assoc. Am. Soc. E., entitled 
Devices for Increasing the Accuracy Rapidity Surveying 
Operations,” will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL MEETING. 


The Forty-ninth Annual Meeting will held the Society House, 
January 15th and 16th, 1902. The Business Meeting will called 
order o’clock Wednesday morning. The annual reports will 
read, officers for the ensuing year elected, members the Nomi- 
nating Committee appointed, and other business transacted. 


The arrangements for excursions and entertainments will 
announced later. 


See page 260. 
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NOMINATING COMMITTEE. 


The Constitution provides that the Annual Meeting each year 
seven Corporate Members, not officers the Society, one from each 
the geographical districts, into which the Society divided for this 
purpose, shall appointed the meeting serve for two years. 

The usual blank request for suggestions representatives 
each district, for presentation the meeting, has been mailed 
Corporate Members. 


ANNUAL CONVENTION 1902. 


The Thirty-fourth Annual Convention the Society will held 
Washington, C., beginning Tuesday, May 20th, 1902. 


REDUCTION THE PRICES BINDINGS FOR TRANSACTIONS. 


The large and constantly increasing number members who take 
advantage the standard bindings furnished the Society has made 
reduction possible the cost these bindings, and, the new 
arrangement will into effect with the first the year, members will 
hereafter receive the benefit the reduction. 

The same standard excellence these bindings will main- 
tained, while the charge per volume for half-morocco binding will 
reduced from $1.20 $1.00, and for cloth from cents cents. 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(November 14th December 11th, 1901.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia, Pa., 30c. 
(2) ‘Eng. Club Phila., 1122 
Philadelphia, Pa. 
(3) Franklin Philadel- 


Pa., 50c. 
(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
(5) Can. Soc. E., Mon- 
eal, Que., Can 
(6) School Mines Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
ech., Boston, Mass., 75c. 
(8) Indicator, Stevens 
Institute, Hoboken, J., 50c. 
(9) Magazine, New York 
ty 


(10) Magazine, New York City, 


New York City, 35c. 
(12) The Engineer (London), 
News New Yor 
(13) Engineering News, New York City, 


(14) The Record, New York 
ty, 
(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 
(17) Journal, New York 


ity, 

(18) Railway and Engineering Review, 
Chicago, 

Yor 

Age, New York City, 10c. 

21) Engineer, London, Eng- 


(22) Iron and Coal Trades Review, Lon- 
don, England. 
(23) American Iron and Steel 
Assoc., Philadelphia, Pa. 
(24) American Gaslight Journal, New 
York City, 10c. 
Engineer, New York City, 


Review, London, England. 
27) Electrical World and Electrical En- 
gineer, New York City, 10c. 


(28) Journal, New England Water-Works 
Assoc., Boston, 75c. 

(29) Society Arts, London, 

(30) Annales des Travaux Publics 
Beigique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
sels, Belgium. 

(32) Memoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

Revue Générale des Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


40) Railway Age, Chicago, 10c. 

41) Modern cago, 

42) Transactions, Am. Inst. Elec. Eng., 
New York Cit; 

(43) Annales des Chaussées, 
Paris, 

(44) Journal, Military Service Institu- 
tion, Island, New York 
Harbor, 

(45) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Engineer, Manchester, 
nglan 
(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pa., 50c. 
(59) Transactions, Mining Institute 
Scotland, and Newcastle- 


upon- 
(60) Municipa Indianap- 
olis, 


(61) Proceedings, Western Railwa Club, 
225 Dearborn St., Chicago, 
(62) American Manufacturer and 
World, Ninth St., Pittsburg, 
(63) Minutes Proceedings, Inst. 
London, England. 
(64) Power, New York City, 10c. 
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CURRENT TECHNICAL LITERATURE. 


LIST ARTICLES. 
Bridge. 


for Finding Pier Moments Continuous Spans. Young. (13) Nov. 


The Rankin Bridge.* (14) Nov. 16. 

The South St. Paul Railway Bridge.* (14) Nov. 30. 

Rock Island Bridge over the Canadian River New Mexico.* (40) Dec. 

Enquéte Expérimentale sur les Longerons des Ponts Chemins Fer Néerlandais. 
Kist. (43) Trimestre, 1901. 

Note sur Détermination Poussée dans les Magonnerie. Auric. 
(43) Trimestre, 1901. 


Electrical, 
Equipment Cranes.* Will Rung. (26) Serial beginning Sept. 6,ending Nov. 


250-500 Volt Three-Wire Distribution for Lighting and Power. Philippo Torchio. (42) 


Nov. 
Distribution Electrical Large Cities.* Louis Ferguson. (42) Nov. 
Locating Faults Underground Distribution Systems.* Henry Stott. (42) Nov. 
The Buffalo High-Tension Cable Distribution System.* Harold Buck. (42) Nov. 
Factor General Distribution for Light and Power. Charles 
Scott. (42 ov. 
Notes the Current System Distribution. Barstow. (42) Nov. 
The Distribution the Three-Phase System and the Operation Single-Phase Circuits 
It. W.L.R. Emmet. (42) Nov. 
bution Electricity Cities Moderate Size. William Lispenard (42) 


Electric Motor Testing without Dynamometer. Nov. 

The Power Plant the Silvertown India-Rubber Works.* (26) Nov. 15. 

Some Experiments the Wehnelt Interrupter. (26) Nov. 15. 

Electrical Incomes and Ton Coal. Alton Adams. (27) Nov. 16. 
Systems, Operating Speeds and Economies. Romyn Hitchcock. (27) Nov. 


Generatorsand Transformers for the Bay Counties Power Co., California.* 
and Wm. Currie. (13) Nov. 21. 

German Electric Plants.* (12) Nov. 22. 

Surges Transmission Circuits. Kennelly. (27) Nov. 23. 

Air-Gap Induction. Carter. Nov. 30. 

Changes Arc Lighting. Alton Adams. (27) Nov. 30. 

Design for Electric Launch Motor.* Cecil Poole. Nov. 

Some Notes Electric Light and Power Distribution: The Kalb Electrical Pumping 
Plant. Mead. (60) Dec. 

Prices Electric Street Massachusetts. Alton Adams. (60) Dec. 

The Design and Action the Rotary Converter. David Rushmore. (9) Dec. 

The Telephone Exchange System the Maryland Telephone and Telegraph Company.* 
Kempster Miller. (27) Dec. 

Recent Common Battery Telephone Exchange Work New York City.* Herbert Laws 
Webb. (27) Dec. 

Theory the Edison Nickel-Iron Cell. (27) Dec. 

Standardization Engines and Dynamos. (27) Dec. 

Electriques Chemin Fer Fayet Chamonix. Javaux. (32) 

ct. 

Les Conjoncteurs-Disjoncteurs Electricité Charge des Accumula- 
teurs Mise Machines Dynamos. Fiévé. (32) Oct. 

Notice sur Compound Systéme Hutin Leblanc.* (36) Oct. 25. 


Marine. 


The Baltimore Dry Dock the Wm. Skinner Sons Shipbuilding and Dry Dock Com- 
pany.* James Ritchie. (1) Oct. 

Novel Salvage Operation.* Waldon Fawcett. (46) Nov. 16. 

The Development Shipyard Crane Service.* Henry Jones. (13) Nov. 28. 

Brief Comparison Recent Battleship Designs.* H.G. Gillmor. (19) Nov. 30. 

Our Latest Design for Battleships.* (46) Nov. 30. 

Torpedo Boats and Torpedo Boat (20) 

Needed Changes Torpedo Boat Design. Chas. Wetherbee. (13) Dec. 

Transformation Matériel des Marine Marchande. M.Vétillart. (43) 
Trimestre, 1901. 

Les Paquebots Lorraine Savoie Compagnie Générale Transatlantique.* 
mas. (33) Nov. 16. 


Mechanical. 


The Ore-Handling Plant the Carrie Furnaces, Nos. and the Homestead Steel 
Works the Carnegie Steel Company.* Cowles. (1) Oct. 
the Cost Power. Clyde Gray. (3) Serial beginning Oct., end- 
Dec. 
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Mechanical—(Continued). 
Research. Frederic Burstall. (11) Serial beginning Oct. 25, ending 
ov. 

Alcohol Motor Car Trials France.* (12) Nov. 

The Mesta Machine Company.* (20) Nov. 14. 

The Fuel Value Residuals. Chas. Prichard. (24) Nov. 18. 

New Punch and Forging Machine.* (62) Nov. 21. 

High-Power Gas Engines. (47) Nov. 23. 
and Electrical the North American Building, Philadelphia.* (14) 

The Economical Advantages Inclined Retort Settings. (24) Nov. 25. 

Two Recent Systems for Burning Powdered Coal.* (13) Nov. 23. 

Machine the Stanley Show.* (11) Nov. 29. 

The Manufacture Locking-Bar Pipes Western Australia.* Stafford 
Inst. (11) Nov. 29. 

The Design and Construction Flywheels for Slow-Speed Engines. Marshall 
Downie. (47) Nov. 30. 

Power, Ventilation and Heating the Colonial Building, Boston.* (14) Nov. 

The Development the Petroleum Automobile. Paul Daimler. (9) 

Centering Piston.* Kelley. (41) Dec 

By- Coke Ovens; Their Widening Use the United States.* Frank Crockard. 
(10) Dec. 

Minting Machinery and Appliances.* Edwin Church. (3) 

Force Its Advantages Compared with Chimney William Booth. 
(10 

Test Pipe Covering. Barrus. (62) Dec. 

More Remarks the Gas Engine. Albert Stritmatter. (62) Dec 

Tube System Parcel Distribution Boston.* Sabine. (13) 


Dec. 
Standardization Direct-Connected Engines and Dynamos. (14) Dec. 
Some Experiments Spiral Springs. (18) Dec. 
Note sur les Transports par Camions Automobiles. Bret. (43) Trimestre, 1901. 


Note sur des Divers Types Gazogénes sur Marche des Fours Martin. 
Lencauchez. (32) Sept 


Aérocondenseur 500 Frédéric Fouché. (32) Oct. 
Nouveaux Chapeaux Sureté pour Scies Circulaires.* Henry Mamy. (33) Nov. 


Metallurgical. 


The Correct Treatment Steel. Ridsdale. (11) Serial beginning Sept. 20, ending 
Nov. 15; (20) serial beginning Nov. ending Nov. 21. 

The Influence Cast Steel. ‘Auguste Rossi. (47) Serial be- 
ginning Nov. ending Nov. 

The Foundry Cupola How Manage It. Robert Buchanan. (22) Serial beginning 
Nov. ending Nov. 

New Cupola.* (12) Nov. 15. 

The David Copper Process. (11) Nov. 

The Early History Steel Manufacture the United States. Samuel 
Wellman. (20) Dec. 


Military. 


Late Developments Ordnance and Armor. Meigs, Soc. Nov. 21. 

19) Dec 

The Ehrardt Campaign Gun.* (19) Nov 

Important Competitive Test High- Shell Sandy Hook.* (46) Nov. 30. 

Trajectoire d’Une Balle (36) Oct. 25. 

Mining. 


The Historical Development the Pick Mining Machine. (58) Nov. 
Mining Practice Southeast Missouri—The Country, the Mines, and the Method 
and Working.* (45) Serial Nov., ending 

ec. 


The Iron Ores Santiago, Cuba.* Arthur Spencer. (16) Nov. 
Berryburg Mine Disaster, Va.: Description the Mine, ‘Conditions under 
was Operated, and the Probable Cause the Explosion. James Paul. 
The Coal Mine: Description the Plant and Arrangements No. 
the Madison Coal Co., Divernon, J.J. Rutledge. (45) 
Kansas Coal Mining.* Crane. (16) Dec. 


Mines: Machines d’Epuisement Hydrauliques.* M.Seurat. (33) Nov. 


Valuations. (11) beginning July Nov. 
The Dut the (2) 
The Eng Contractor. Geo. Soc. (14) Nov. 16. 
Advanced Methods British Engineering Workshop. Dec. 


Tilustrated. 
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Railroad. 


Some Unusual Locomotives. Eddowes. (2) Oct. 

Compound Locomotive Bulgarian State Railways.* (12) Nov. 15. 

The Chicago Clearing Yards.* (40) Nov. 15; (18) Nov. 

Economizing Fuel Locomotives.* (47) Nov. 16. 

New Line the Burlington Iowa.* 40) Nov. 22. 

Locomotives the Gulf, Colorado Santa Fé.* (15) Nov. 22. 

Railroad Transfer.* (14) Nov. 23. 

Recent Locomotive Construction and Performance. (40) Nov. 29- 

Consolidation Locomotive for the Mexican Central.* (40) Nov. 29. 

Eight Wheels Coupled Coal Locomotive. (12) Nov. 29. 

The Sessions-Standard Friction Draft Gear—Type C.* (15) Nov. 29. 

Mogul Freight Locomotives for the Southern Pacific.* (15) Nov. 29. 

Air Brake Maintenance. Quereau. (18) Nov. 30. 

The Sessions-Standard Friction Draft Gear.* (18) Nov. 30; (40) Nov. 29. 

Theory Locomotive Water-Scoops. Church. (25) Dec. 

Comparative Locomotive Tests, Michigan Centra] Railroad. (25) Dec. 

Unsymmetrical Movement Locomotives. (15) Dec. 

inthe Operation the Union Traction Company Indiana.* (17) 

ec. 

The Proposed New York and Portchester Railway. Dec. 

Note sur les Chemins Fer Une Deux Files Rails Comparés Point 
Circulation Courbe. René Philippe. (43) Trimestre, 1901. 

Les Locomotives Belges Universelle 1900.* (34) Serial 
beginning Oct., ending Nov. 

Note sur Machine Compound No. 8701 Société Italienne des Chemins 
Méridionaux: Essais Comparatifs avec les Machines Compound Compagnie de. 
Decourt. (38) Nov. 

Les Locomotives 1900: Locomotive Compound Marchandises Con- 
struite par Société (33) Nov. 23. 


Railroad, Street. 


The Munich Surface-Contact Tramway. (12) Serial beginning Oct. 25, ending Nov. 


Plan Reduce Congestion the Brooklyn Elevated.* (17) Nov. 23. 

Street Car Platforms.* Partridge. (17) Dec. 

the Milford, Holliston Framingham Street Railway (17) 


The Track Construction Department the Union Traction Company, Philadelphia.* 


Dec. 

The Performance Electric Railway Moiors. George Hanchett. (17) Dec. 
Sanitary. 

Ventilation and Heating the Glasgow Art Galleries. (14) Nov. 16. 


Septic Tanks and Contact Beds Plainfield, Andrew Gavett. (14) Nov. 16. 
Ventilating and Heating the Chicago National Bank.* (14) Nov. 23. 
Town Refuse Disposal Great Britain; Its Fuel Value for Steam Raising. Francis 
Goodrich. (10) Dec. 
Estimation the Cost Sewer Construction. (60) Dec. 
Drainage and Sewerage System New Orleans.* Frederick Moore. (46) 


Structural. 


Heavy Girders inthe Union Club House.* (14) Nov. 16. 

Fire and Weight Tests Columbian Fireproof Floor, Boston, Mass., July, 1901.* Frank 
McKibben, Assoc. Am. (13) Nov. 21. 

The Protection Iron Structures from Corrosion. (22) Nov. 22. 

Austrian Investigation Masonry Piers.* (14) Nov. 23. 

108-Foot Concrete-Steel Chimney.* (14) Nov. 30. 

Tall Chimneys with Perforated Radial Brick.* Waldon Fawcett. (62) Dec. 

Estimating the Cost Concrete, Halbert Powers Gillette. Dec. 

The Nassau County Steel-Concrete Court House.* (14) Dec. 

Steel Warehouse for Wholesale Grocery Company.* (14) Dec. 

Fondations pour Terrains Sablonneux Aquiféres.* Casse. 

32) Sept. 

Appareil Enregistreur Déformation Locale des Métalliques. 
van der Kolk, Kist. (43) Trimestre, 1901. 

Mesnager. (43) Trimestre, 1901. 


Water Supply. 


and Drainage Areas. Sherman Gould, Am. (13) Nov. 14. 
The Collapse the Fairhaven Water Tower. (14) Nov. 16. 

Duty Trials Four Holly Pumping Engines, Metropolitan Water-Works.* (14) Nov. 16. 
The Failure the Elevated Water Tank Fairhaven, Mass.* (13) Nov. 21. 


Tilustrated. 
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Water Supply—(Continued). 
Changes the New Croton Dam and Jerome Park Reservoir.* 

The Earth Dams.* James Croes, Edwin Smith and Elnathan 
Sweet. (14) Nov. 30. 

The Montgomery, Alabama, Water-Power Plant.* Dec. 

The Efficiency the East Providence Mechanical Filters. 

Les Eaux d’Alimentation les Nouvelles Installations Phi Espitallier. 
(33) Nov. 

Waterways. 

The Practical Building Lowland Protection.* Wilson. (2) Oct. 

The Coal Port Manchester.* (22) Nov. 15. 

Steel Lighthouse Construction.* Waldon Faweett. 21. 


with Light Machinery Havana. Weber, Am. Soc. 

14) Nov 

Place Bigue 120 Tonnes dans Port Havre.* Ch. Dantin. (33) 
ov. 


des Travaux Régularisation sur Régime des Riviéres, Notamment 
qui Touche les Inondations. Vauthier. (43) Trimestre, 1901. 

Port Flottage Prague-Smichov. Hromas. (43) Trimestre, 1901. 

Note sur Revétement Béton Ciment Armé Patte d’Oie Chenal d’Accés 
Port MM. Barbet (43) Trimestre, 1901. 


| 


ACCESSIONS THE LIBRARY. 


ACCESSIONS THE LIBRARY. 


DONATIONS.* 
(From November 14th December 11th, 1901.) 


FOWLER’S MECHANICAL ENGINEER’S POCKET BOOK FOR 1902. 


387 158 pp., illus. Scientific Publishing Co., Manchester. shill- 
ings, pence. 


this edition numerous changes and additions have been made the attempt 
bring all the information date. The issue Fowler’s Electrical Year Book last 
separate publication, has permitted the electrical section the present work 

much curtailed, and confined such general data are needed the mechan- 
ical engineer. the engine section addition has been made the form series 
notes the designing valves and valve gears. Extensive additions have 
also been made the chapters strength materials and machine tools. The 
section gas and oil engines has been revised, and contains some new data regard- 
recent developments large-sized engines. There index forty-eight pages. 


BUCHANAN’S TABLES SQUARES. 


Containing the Square every Foot, Inch, and Sixteenth 
Inch between One-Sixteenth Inch and Fifty Feet. For Begin- 
ners and Calculators. Buchanan. Ninth Edition. Cloth, 


New York, Spon Chamberlain, 1901. $1.00. 


these tables the root given feet, inches, and sixteenths inch, the square 
feet and decimals foot. The preface states that the root actually used obtain- 
ing the squares was feet and decimals foot; also says that the method used 
calculating and checking these squares precludes the possibility error. 


THE METALLURGY IRON. 


Thomas Turner. Being One Series Treatises Metal- 
lurgy, Written Associates the Royal School Mines. Edited 
Professor Sir Roberts-Austen, B., Second Edition, 
Revised. Cloth, ins., 14+ 367 pp., illus. London, Charles Griffin 
cott Company.) 


The preface states that this not merely elementary textbook the one hand, nor 
exhaustive treatise the other; primarily intended for persons who are con- 
nected with the manufacture iron and who may, assumed 
have already some general knowledge the subjects discussed. The history the 
manufacture iron and steel and the dealing with foun practice and with 
the reactions the puddling furnace have been treated more fully than usual 
metallurgical treatises. this edition the work has not been altered its general plan 
scope, but number minor changes have been introduced for the bring- 
ing the information date. The Contents are: The Early History Modern 
History Iron; The Age Steel; Chief Iron Ores; Preparation Iron Ores; The Blast 
Furnace; The Air Used the Blast Furnace; Reactions the Blast Furnace; the 
Fuel Used the Blast Furnace; Slags and Fluxes Iron Smelting; The Properties 
Cast Iron; Foundry Practice; Wrought Iron; Indirect Production Wrought The 
Puddling Process; Further Treatment Iron; Corrosion Iron and Steel. 
There index sixteen pages. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 
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THE VENTILATION THE SCHOOL ROOM. 


Wm. Baldwin, Am. Soc. E., Am. Soc. Cloth, 
7x5 ins., pp., illus. Published the Author, New York, 1901. 
$1.00. 


SEWAGE AND THE BACTERIAL PURIFICATION SEWAGE. 


Samuel Rideal. ins., 278 pp., illus. New York, 
John Wiley Sons, 1901. $3.50. 


the preface the author states that the rapid development modern ideas sew- 
age purification bacterial processes necessitates careful review the methods 
present sanctioned; and that recent reports various cities, sanitary commis- 
sions, etc., and frequent discussions and papers this subject the technical press, lead 
him think that would acceptable. Healso states that the theoretical basis 
bacterial changes, far they have been studied, must underlie all the practical 
schemes which may the future put forward, and has been his endeavor deal 
with the subject from this view point. The Contents are: Character Sewage. and 
Primary Methods Disposal; Chemical Analysis Sewage and Effluents; Bacteria 
Occurring Sewage; Chemical Changes Produced Bacteria; Irrigation and Sewage 
Farms; Subsidence and Chemical Precipitation; Bacterial Purification; 
Agricultural Value Bacterial Effluents; Distribution and Distributors; Trade 
ents. There index ten pages. 


ARCHITECTURAL ENGINEERING. 


With Especial Reference High Building Construction, Including 
Many Examples Prominent Office Buildings. Joseph Kendall 
Freitag, Assoc. Am. Soc. Second Edition, Rewritten. Cloth, 
ins., 407 pp., illus. New York, John Wiley Sons, 1901. 

3.50. 


The author has endeavored this book define and illustrate, manner 
practicable possible, such the fundamental principles the constructive design 
modern high buildings may prove useful architects, engineers and students. 
The subject fireproofing has been touched upon this edition, but only far 
necessary proper understanding the design and calculation the frame- 
work. The largely local character the illustrations the previous edition has 
supplemented notable examples different localities, make the scope more 
general than formerly. endeavor has been made present only practical 
Typical Buildings, Erection, Permanency, etc.; Floors and Floor Framing; Exterior 
Spandrels and Spandrel Windows; Columns; Wind-Bracing; 
Specifications—Inspection. There index fifteen pages. 


The following gifts have also been received 


Am. Soc. Mech. Engrs. pam. New Eng. Cotton Mfrs. Assoc. vol. 
Argollo, Miguel Teivee. bound vol. New South Wales bound 

zona Agricultural Exper. Station. vol. 

Baldwin, Wm. bound vol. Penn. Bureau Mines. bound vol. 
Canada—Dept. Marine and Fisheries. pam. 

Eng. Mag. Rio Grande Western Ry. Co. pam. 
Flynn, bound vol., vol. Schrenk, Hermann von. pam. 
Inst. Engrs. and Shipbuilders Scot- Smithsonian Inst. bound vol. 

land. bound vol. South Eastern Ry. Co. pam. 
Tron Age. Technology Review. 
Lincoln, W.S. pam. Bureau Navigation. bound vol. 
Machinery. U.S. Geological Surv. 
Madras Pub. Works Dept. pam. Interior Dept. 
Manchester Steam Users’ Assoc. pam. Surgeon General. vol. 
Mexican Southern Ry., Ltd. pam. West Virginia Geological Surv. pam. 
Mines and Minerals. Wisconsin Central Ry. Co. pam. 
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PURCHASE. 


Die Hebezeuge, Theorie und Kritik Konstruktionen 
mit Besonderer der Elektrischen Anlagen. Ein 
Handbuch fiir Ingenieure, Techniker und Studierende. Von Ad. 
Ernst. Dritte Neubearbeitete Auflage unter Mitwirkung von 
Maier und Rau. Berlin, Julius Springer, 1899. 


Traité Pratique des Machines Marines Motrices, des Machines 
Auxiliares, des Machines Pétrole Gaz. Description Montage, 
Régulation, Conduite, Réparations Rédigé Conformément aux Pro- 
grammes des Mécaniciens Marine Militaire Ceux 
Marine Commerce. Par Girard. vol. Paris, Ch. 
Béranger, 1901. 


Vorlesungen ueber Technische Mechanik. Von Dr. Aug. 
Second Edition. 4vol. Leipzig, Teubner, 1900. 


The Engineer Architect the Arbitrator between the Employer 
and the and His Other Functions under Building Con- 
tracts. Charles Currie Gregory. London, William Clowes and 
Sons, 190 


The Engineering Index. Five Years, Edited Henry 
Harrison Suplee, Am. Soc. E., Assisted Cuntz. New 
York and London, The Engineering Magazine, 1901. 


Handbuch der Ingenieurwissenschaften. Third Edition, 
vol. Leipzig, Wilhelm Engelmann, 


Knight’s American Mechanical Dictionary. Description Tools, 
Instruments, Machines, Processes, and Engineering; History Inven- 
tions; General Technological Vocabulary; and Digest Mechanical 
Appliances Science and the Arts. Edward Knight. vol. 
Boston, Houghton, Mifflin and Company, 1876. 


Knight’s New Mechanical Dictionary. Description Tools, In- 
struments, Machines, Processes, and Engineering, with Indexical Ref- 
erences Technical Journals (1876-1880). Edward Knight. 
Boston and New York, Houghton, Mifflin and Company, 1883. 


Poole’s Index Periodical Literature. Abridged Edition Cover- 
ing the Contents Thirty-Seven Important Periodicals, 1815-99. 
William Fletcher and Mary Poole. Boston and New York, Hough- 
ton, Mifflin and Company, 1901. 


Les Travaux Publics, les Mines Métallurgie aux Temps des 
Romains, Tradition Romains Nos Jours. Par Alfred Leger. 
Paris, Dejey Cie., 1875. 


Portland Cement. Its Manufacture, Testing and Use. 
Butler, Assoc. Inst. London, Spon, Ltd.; New 
York, Spon Chamberlain, 1899. 
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Map West Virginia. Compiled Russell Morris, from 
County Atlases, Government and Other Surveys, Showing the Coal, 
Oil and Gas Developments, Prominent Anticlinal Axes, and the Out- 


crops the Different Coal Series. Second Edition. Morgantown, 
Va., 1901. 


New Tables for the Complete Solution Ganguillet and Kutter’s 
Formula for the Flow Liquid Open Channels, Pipes, Sewers and 


901. 


Traité d’Hydraulique. Alimentation Distribution d’Eau; Jau- 
geages; Etablissements Fontaines Publiques. Par Armand 
Olive. Paris, Georges Fanchon. 


Der Elbstrom, Sein Stromgebiet und Seine Wichtigsten Neben- 
Hydrographische, Wasserwirthschaftliche und Wasser- 
rechtliche Darstellung. Auftrage der Deutschen Elbuferstaaten 
und unter Betheiligung des Preussischen Wasser-Ausschusses Heraus- 
gegeben von der Elbstrombauverwaltung Magdeburg 
vol. and Atlas. Berlin, Dietrich Reimer, 1898. 


Hydraulique Fluviale. Par Ct. Lechalas. Baudry 
Cie., 


Hydrologische Untersuchungen der Weser, Elbe, dem Rhein 
und Mehreren Kleineren Fliissen. Ihre Anwendungen auf die Praxis 
und nebst Speziellen Mittheilungen neuere 


Instrumente. Von Johannes von Wagner. Braunschweig, Verlag 
von Goeritz Putlitz, 1881. 


Manuel Hydrologique Bassin Seine. Par Préau- 
Lemoine. Paris, Imprimerie Nationale, 1884. 


Der Oderstrom, Sein Stromgebiet und Seine Wichtigsten Neben- 
Eine Hydrographische, Wasserwirthschaftliche und Wasser- 
rechtliche Darstellung. Auf Grund des Erlasses vom 
Februar 1892 Herausgegeben vom Bureau des Ausschusses zur 
Untersuchung der Wasserhiltnisse den der Ueberschwemmungsge- 
fahr besonders Ausgesetzten Flussgebieten. vol. and Atlas. 
Berlin, Dietrich Reimer, 1896. 


Der Rheinstrom und Seine Wichtigsten Nebenfliisse von den 
Quellen bis zum des Stromes aus dem Deutschen Reich. 
Eine Wasserwirthschaftliche und Wasserrechtliche 
Darstellung mit Vorzugsweise Eingehender Behandlung des Deutschen 
Stromgebietes. Auftrag der Reichkommission zur Untersuchung 
der Rheinstromverhiltnisse Herausgegeben von dem Centralbureau 


fiir Meteorologie und Grossherzogthum Baden. (With 
Atlas.) Berlin, Ernst Korn, 1889. 


Courant Libre. Par Mas. Paris, Baudry 
Cie., 1899. 
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des Routes, Riviéres Canaux. Par Berthot. 
Paris, Fanchon Artus. 


Cassier’s Magazine (to complete set) nos. 
Deutsche Bauzeitung (to complete set) nos. 
Electrical Review (to complete set) vol. nos. 
Electricity (to complete set) vol. nos. 


Street Railway Journal (to complete set) no. 


ACCESSIONS. 
November 14th December 11th, 1901. 


Donations (including duplicates and numbers 


completing volumes periodicals)..... ...... 365 

Purchase (including numbers, completing 
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ADDITIONS. 


MEMBERS. 


Broadway, New York City 
Dennis, ARTHUR CRISFIELD, 
Div. Eng., Constr., Western Pacific Ry., 208 
Main St., Winnipeg, Man., 
ALEXANDER, 


Chf. Eng., Structural Iron Steel Co., Bush 


and Wicomico Sts. (Res., 2326 Guilford 
ALBERT LINCOLN, 


Chf. Eng., St. Louis Expanded Metal Fire- Assoc. 
proofing Co., 606 Century Bldg., St. Louis, 


ALBERT 
Asst. Eng., Mississippi Div., R.R., Hefron 
Office the Chf. Eng. for Existing Lines, 
West Australian Gov’t Rys., Wellington St., Assoc. 


ASSOCIATE MEMBERS. 


Asst. City Eng., 613 West Water St., Elmira, 
GRAVELLE, ALVIN, 
Care, Brown Hoisting Machinery Co., Cleveland, Ohio... 
ALBERT, 
Care, White Co., Ltd., 22a College Hill, Cannon 
Jun. 
Care, Mo. Pac. Ry. Co., Jefferson City, Mo... Assoc. 
Barr, 
Asst. Eng., Cableway Dept., Lidgerwood Mfg. Co., 
Liberty St., New York City 
City Eng., City Hall, Burlington, Iowa 
639 Congress St., Portland, 


[Society 
Date 

Membership. 
Mar. 1899 
1901 
June 1900 
Dec. 1901 
Sept. 1896 
Dec. 1901 
Sept. 1901 
Dec. 1901 
May 1894 
July 1897 
Dec. 1901 
Dec. 1901 
Nov. 1901 
Nov. 1901 
Dec. 1897 
Dec. 1901 
Sept. 1901 
Dec. 1901 
Oct. 1901 
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ASSOCIATES. 

Dewey, 

JUNIORS. 

Ernest EMMANUEL, 

Kast, NIGHTINGALE, 

Jennings, Flathead Co., Mont.... June 1901 
Corwin, 

1003 Pennsylvania Ave., Nov. 1901 

157 North St., Philadelphia, Pa. Dec. 1901 

CHANGES ADDRESS. 
MEMBERS. 
Henry Floral Park Hotel, Floral Park, 
Epwarps, Harry Republic, Wash. 
CHARLES WILCOX........ Cons. Eng., 1763 Monadnock Blk., Chi- 
cago, 


................. With Compania Fundidora Fierro 
Acero, Apartado 55, Monterey, Mexico. 

Linton WADDELL........... Monroe, La. 

1211 Chemical Bldg., Louis, Mo. 

Hotel Maryland, Annapolis, Md. 

Buffalo, 

JESSE WAGER............. Room Bissell Pittsburg, Pa. 


ASSOCIATE MEMBERS. 


JOHN SEVERIN............. 266 First Ave., Mt. Vernon, 

CHAPLEAU, SAMUEL JEFFERSON....... Asst. Eng., Dept. Public Works, 
Box 347, Ottawa, Ont., Canada. 

Henry 229 Fast German St., Baltimore, Md. 

Frep 3242 Groveland Ave., Chicago, 

Maxson .......... 102 Waverly Pl., New York City. 

GROVE............. Care, Atlantic Ave. Impvt., R., 

JoHN Care, Hunt Co., West New Brighton, 

Logansport, Ind. 

Epwarp Care, Dept. Yards and Docks, New 


York Navy Yard, Brooklyn, 
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Preston, Henry Cor. West Water and Columbia Sts., El- 
mira, 

Engr.’s Office, Portland, Me. 

Wess, Harrison Bldg., Philadelphia, Pa. 

...Care, Townsend, Reed Co., 1208 Ste- 


venson Bldg., Indianapolis, Ind. 


ASSOCIATES. 


Pomeroy, Care, General Electric Co., Broad St., 
New York City. 
SHERMAN 369 Ocean Ave., Brooklyn, 


Brown, Jr....Trail, C., Canada. 


Pa. 
CHARLES EDWARD Rapid Transit Tunnel, 41st St. and Park 


Ave., New York City. 
ALBERT .62 West 85th St., New York City. 


Tracy, 539 Ave., Sewickley, Pa. 
CLIFTON....... Care, James Stewart Co., Box 266, 


New Orleans, La. 


RESIGNATIONS. 


Date 
Resignations. 


DEATHS. 


Sept. 18th, 1901. 

...... Elected Member, Jan. 8th, 1873; died 
Dec. 11th, 1901. 

Member Oct. 6th, 1897; died 


Nov. 15th, 1901. 
JOHN Member, May 7th, 1873; died 
Oct. 12th, 1901. 
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Vol. DECEMBER, 1901. No. 10. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOME IMPORTANT PHASES CANAL NAVI- 
GATION, ILLUSTRATED RECENT 
EXPERIMENTS GERMANY. 


Some months ago the writer had occasion investigate the sub- 
ject the resistance overcome navigating the proposed 000- 
ton barge canal, then under consideration the canal authorities 
New York State, and these studies availed himself the recent 
very extensive experiments and researches Fernand 
France, and Herr Haack, Germany. The results this in- 
vestigation are published the recent report the Governor, the 
State Engineer, The Barge Canal.” 

that investigation attention was directed almost exclusively 
the question resistance. The experiments Herr Haack, however, 
illuminate other very important phases canal navigation, and this 
brief monograph will devoted the consideration the contri- 
bution they make our knowledge the negative velocities pro- 
duced canal navigation, and the limiting rate dirigible speed 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the may 
sent mail theSecretary. Discussion, either oral written, will published ina 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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therein. make this article clearly intelligible will necessary 
indulge repetition portions the writer’s contribution 
The Barge Canal” report, above mentioned. 

Herr Haack’s description and illustration his experiments, enti- 
tled und Schiffsbetrieb,” were published 
Asher and Company, Berlin, 1900. His experiments were very nu- 
merous, and appear have been made with characteristic German 
thoroughness and accuracy. They were made near Lingen, upon 
stretch the Dortmund-Ems Canal, having the usual trapezoidal sec- 
tion, with mean area 600 sq. ft. and mean center depth about 
ft. 

The boats used the experiments consisted tug, the 
hardt, and three steel barges, the the Dortmund and the 

The was ft. long, 16.4 ft. beam, ft. draft, with 175 
cu. ft., tons displacement; its coefficient displacement being 
0.587. was supplied with compound, condensing engine 206 
H.-P. and marine boiler working under pressure atmo- 
spheres. 


The Embden and Dortmund were new steel barges, precisely alike, 


except that the Dortmund was supplied with marine boiler and non- 
condensing, compound engine' H.-P. The dimensions the 
Dortmund and the Embden were follows: Length, 215 ft.; beam, 26.9 
ft.; area midship section 6.6 ft. draft, 173.6 sq. ft.; displacement 
6.6 ft. draft, 313 cu. ft., 041 tons; coefficient displacement 
6.6 ft. draft, 0.887. 

The third barge, the was also steel boat, somewhat 
similar the Dortmund and 180 ft. long; 26.3 ft. beam; area 
midship section 6.6 ft. draft; 167.68 sq. ft.; displacement 6.6 
ft. draft, 740 tons; coefficient displacement, 0.762. These experi- 
ments had for their object, not only the determination, accurate 
measurements, the actual resistance this canal varying veloc- 
ities and ratios prism boat section, but the determination, 
accurate instrumental work, the precise condition the prism 
water canal while vessel was being forced through it, the 
theory that the relative conditions this prism water rest and 
while boat was moving should afford measure for determining 
the entire resistance the boat navigating it. 
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The results these experiments seem agreement with this 
pothesis. 

This theory, advanced Haack, stated, follows: 
vessel moves canal, unlike vessel moving open water 
where the water moves freely from all directions fill the void behind 
it, the water can only reach this void moving back through the 
narrow spaces between the boat and the bottom and sides the canal. 

Immediately front the wave made the boat’s prow the 
water absolutely rest, while behind the prow wave, the whole 
length the boat, and for some distance behind it, the water sinks, 
below its position before being disturbed, with back flow seeking 
restore the normal condition behind the boat. The extent this 
sinking the water surface and the velocity this negative cur- 
rent depend on: The rate the boat’s motion, its model, the friction 
its immersed surface, the friction the canal bed, and the 
water particles one another. 

other words, the amount this sinking the water surface 
and the extent the negative velocity are functions the boat’s 
total resistance. 

The following the analytic reasoning: 

Let the wet cross-section the canal; 

the displacement the boat; 

the length the boat the waterline; 
velocity the boat; 

the mean negative velocity, back flow; 
the mean cross-section the boat; 
the resistance the boat; 

the weight cubic unit water; 

and the cross-section between the sunken surface, due 

the boat’s motion, and the normal water surface. 

Then, represents the cross-section remaining be- 
tween the boat and the bed the canal, through which the displaced 
water must pass. Now, the volume water displaced unit 
the volume flowing the negative velocity, the section 
therefore the mean negative velocity 


‘ 
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and the work required for moving this weight, with the velocity, 
and as, with uniform motion, this equals 
the resistance the boat multiplied the velocity, have 

which cofficient determined experiment. the resist- 
ance does not vary directly the change velocity, this coefficient 


necessarily variable. substitute this equation the value 
shown Equation (I), 


Combining Equations and (III) get 


or, R=Cw (IV) 


Expressions for the values the coefficient, are readily derived 
from Equations and (IV). 


These formulas furnish the means for determining for given 
value when has been determined for like value fora 
vessel similar model, similar prism, with identical value 


important and interesting result these experiments their 
demonstration the serious error the ordinary assumption that 
the velocity the negative current back flow induced the 


motion boat narrow channel measured the formula 


v= 


3% 
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boat, and and the areas the cross-section the canal and mid- 


ship section the boat, respectively. This illustrated the 
gram, Fig. 


Let the full lines the diagram represent the prism the canal, 
its normal water surface, and the midship section boat; and let 
the dotted lines represent the surface the water depressed 
the motion the boat, and the mean section the boat. Then the 
space between the dotted lines and the full line representing the normal 
water surface the mean section water displaced, and the space 
between this dotted and the full lines representing the canal bed the 
section through which the displaced water must pass; and they show, 
for any considerable speed the boat, much larger negative velocity 
the displaced water than that derived from the old formula 
prove the latter not even approximately correct for ordinary ratios 
canal section boat section. 

Negative experiments most pertinent the discus- 
sion this subject consist the following: 

Ten trial trips the under steam, with varying velocities 
and constant draft, which the ratio, 
wet section 8.50. 
immersed mid-section boat 
Forty-seven trial trips the Dortmund, under her own steam, with 
velocities and depths draft, follows: 


Ratio, 
4.76 


Seventy trial trips the towed the vary- 
ing velocities and depths draft, mentioned above for the twin 
boat Dortmund, and identical values 


| 
| 
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Also, fifteen trial trips the towed the Goedhardt, 
with varying velocities and depths draft, follows: 


Depth draft, 


meters. Ratio, 


The values the negative velocities, well all the other data 
determined these experiments, were tabulated and published 
Haack, and from these tables the writer has plotted the curves 
negative velocity shown Fig. and has shown Fig. the curves 
resistance, expressed units indicated horse-power, for the same 
groups experiments published Haack. 

The abscissas Figs. the speed the boats, meters 
per second, and miles per hour. The ordinates Fig. represent 
the negative velocities, meters per second and feet per second. 
Fig. the ordinates represent units indicated horse-power. 

should noted that the number trial trips for different values 
differed considerably these experiments, giving greater weight 
some the curves than others, and that for small values 
the speeds attained the experiments were low leave con- 
siderable fraction their curves negative velocity and resistance 
conjectural, but these portions are probably not flatter than shown 
the diagrams. 

must also borne mind that the mean negative velocities are 
probably much less than the corresponding maximum negative 
velocities the mean immersed section the boat less than its im- 
mersed midship section. will observed that the resistance 
curves Fig. indicate considerable sharper curvature for the Dort- 
mund going under steam than for the twin boat Embden towed the 

The data for the negative velocity curves for these two 
cases show small divergencies the same direction, but these are not 
marked enough make separate curves necessary. Though the 
action the Dortmund screw doubtless had some effect, the differ- 
ence the resistance curves these two cases probably principally 
due the necessarily inexact result reducing indicated horse- 


power the resistance the which was measured the tow 
line. 


. 
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There perhaps phenomenon, incident canal navigation, 
where considerable speed desired, important determining the 
proper section the canal prism this the negative current 
induced its operation, such current cannot permitted ac- 
quire velocity destructive the integrity the earthwork, and 
these experiments afford the first and only important contribution 
our knowledge this subject. 

Let consider the applicability the results canals larger 
section, which the limit allowable speed question the 
first importance. The difference conditions which might affect the 
negative velocity ship canal, compared with this Dortmund-Ems 
barge canal, navigated steel boats like model, with equal values 
affect only that element the total resistance represented 
the friction the disturbed particles water upon one another 
account the greater distance between the wet surface the boat 
and that the canal the former case. 

well known that when boat moves shallow water the 
proximity the boat’s bottom the ground retards the speed the 
boat, owing the friction among the particles water lying between 
the boat and the ground induced the friction the boat’s surface 
carrying along the water adhering it, while the friction the 
ground retards the water adjacent its surface, thus setting mo- 
tion and friction among the particles water between these surfaces. 

This retardation diminishes rapidly the distance between the 
boat and the ground increases, and this element resistance doubt- 
less negligible seeking the relation between the negative velocities 
the Dortmund-Ems canal and those larger canal, except that 
due the depth water under the boat. will remembered that 
the larger values Haack’s experiments were obtained with the 
boats light draft, leaving 2to water under them, and are there- 
fore directly comparable with the boats like model running equally 
near the bottom large canals, where the values are identical. 

The effect model, both resistance and negative velocity, 
shown comparing the curves for the Dortmund and Embden, having 
coefficient displacement 0.88, with those the Lloydkahn, having 
coefficient 0.76, the resistance and negative velocity both being less 
the case the with 4.30, than the case the 
Dortmund and the with 4.76. 


q 
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4 ft. per second. 
CURVES OF MEAN NEGATIVE VELOCITIES DETERMINED BY HAACK’ 


EXPERIMENTS THE DORTMUND-EMS CANAL, 
WET CROSS-SECTION CANAL ABOUT 600 SQ. FT. 


1.30 m. 
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1,20 m. % Length Tonnage displacement 
Dortmund twin steel boats, 216 ft. 690 1070 0.880 0,889 

Goedhardt steel 66 91 0.587 


3 Canal wet cross-sectior 
r=the ratio of tee each.curve 


= Designation of Curves. 
Dortmund and Embden 
Lloydkahn 
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The writer convinced that these curves can used without 
serious error determining the approximate mean negative velocities 
boats having block displacements 0.75 0.90 for the values 
which they cover, from which the maximum negative velocities can 
derived from the coefficient the boat’s displacement. 

Limits Dirigibility Canals.—The observations, made during the 
progress Haack’s experiments, upon the steering qualities the ex- 
perimental boats, different depths draft and different rates speed, 
are interesting and important. They show that with ft. water, 
more, under the boats when rest, and the value more than the 
difficulties steering did not become serious until the negative velo- 
city approximated ft. per second, but that with little more than ft. 
water under them, and the value about 3.25, the boats became diffi- 
cult steer when the mean negative velocity was ft. per second. 

The rationale these steering difficulties not far seek. 

clearly impossible propel vessel accurately upon the 
center line narrow channel, and moving off this center line 
the sinking the water surface will unequal its sides, because 
the void created its motion equal both sides and must 
filled the water adjacent, necessarily resulting greater depres- 
sion the water surface the vessel and the contiguous shore 
than the opposite side; the difference head creating pressure 
tending move the boat toward the near shore. This tendency 
increased greatly the turning moment induced the greater neg- 
ative current the narrower side the channel, obviously tending 
turn the bow the vessel toward the same shore. true that 
these effects are diminished because the change head opposite 
sides the boat induces current under it, the volume which de- 
pends the depth water relative efficiency 
this current, which depends upon the depth water under the 
boat, that explains the greater difficulty steering canal which 
shallow well narrow, than one like width, but deeper. 

concrete example, Herr Haack’s analysis gives the following 
conditions for the moving the rate 1.60 per second 
mund-Ems Canal: Sinking water surface 0.089 greater star- 
board than port side; mean negative velocity 0.285 per second 
greater that side; and turning moment starboard 135 kgr. 
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LH.P. LHP 

0 f 
30 


Speed of Vessel, in miles per hour. 


CURVES INDICATED HORSE POWER, DETERMINED EXPERIMENTS THE DORTMUND-EMS CANAL, 
WITH THE BOATS Goedhardt, Dortmund, Embden AND Lloydkahn, DESCRIBED 


Designation of Curves: 
(Towed) 
——-—— Dortmund, under own steam, 
Lloydkahn. 

Goedhardat. 
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The light which these experiments have thrown upon these prob- 
lems negative velocities and dirigibility emphasizes the importance 
assigning liberal value the design canals where speed 
highly desirable; and also the fact that width may with advantage 
sacrificed for depth realizing given value for 

Such modification the prevailing ratios canal depth width 


would diminish the resistance propulsion, the back flow 
and the steering difficulties 


} 
4 
q 
7 
q 


Vol. XXVII. DECEMBER, 1901. No. 10. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE SUPPORTING POWER PILES. 
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The use pilesin the construction foundations dates from primi- 
tive times. The villages the prehistoric tribes dwelling the 
lakes Switzerland were almost entirely piles. The very exist- 
ence Venice depends piles, and modern engineering makes use 
millions piles each year. 

Formerly, piles were simply sticks wood stuck into the mud, 
but modern engineering makes use iron and steel piles, and other 
formations such the so-called sand and concrete piles. These are 
used for various purposes. They often stand with one end upon 
firm footing and the other supporting the mass carried. this 
case the pile acts simply column with more less lateral 
support. 

Sometimes, piles are used simply make more compact the soil 
into which they are driven, though the natural compression suffered 
the earth which displaced the penetration the pile. The 
bearing power the soil thus increased, about proportion the 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
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total volume the piles driven, over given area. Usually, however, 
the piles act directly against the forces sustained, and are held 
place simply the resistance the soil into which they pene- 
trate. This resistance may, under increase the external forces, 
prove too small equilibrate the latter, and movement the pile 
thereby result. the latter class are used sometimes close 
clusters, sometimes close rows, but usually singly. They may 
square, hexagonal, round, other sections; may uniform 
size, tapering; pointed, blunt, They may put place 
means water jets, continuous pressure, the rapid 
blows steam gunpowder driver, the slower, more measured 
blows the ordinary gravity hammer. 

This discussion will confined solely the use the common, 
tapering, round, wooden pile, driven the ordinary gravity hammer, 
which raised rope steam drum, falls its own weight 
upon the head the pile and thereby forces its destined place, 
where held simply the contact the surrounding soil. Fur- 
ther, only the extreme sustaining power the quiescent loads piles 
immediately after being driven above described, and such posi- 
tions allow each pile act itself, will discussed. these 
times, the determination this question very important, and 
though considerable has been done along this line, the subject still 
remains undeveloped state compared with most similar 
modern engineering questions, and necessity, perhaps, must ever 
remain so. 

instructive experiment, throwing some light the nature 
the support given toa pile the earth into which driven, take 
box with glass front, fill with lightly compacted sand, and push 
down between the glass and the earth half-round sticks, similar 
piles shape. This experiment discloses the fact that compact 
cone earth is. formed under the foot blunt stick, and remains 
there, being pushed forward through the ground the stick descends. 
This cone acts exactly like the sharp end pointed stick pile. 
will always form under any load which soil required carry, 
and, consequently, the bearing power the latter one the ele- 
ments helping the support loaded pile. 

most soils this bearing power known increase with increase 
depth below the surface, and would, therefore, expected that 
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the bearing power pile would increase driven deeper and 
deeper into the ground. Therefore, curve were constructed, 
showing the supporting power pile for different penetrations, 
should, theoretically, start from point, the co-ordinates which 
are penetration zero, supporting power equals supporting power 
soil, and straight line, inclined some angle with the axes 


reference, depending upon the rate increase the bearing power 
the soil. 


The penetration the stick into the sand discloses, around the 


pointed end, flow lines along which the earth moves pushed 
aside and compressed the penetration the stick. The extent 
the region throughout which movement occurs this way depends 
upon the compressibility the soil that point. Theoretically, this 
compressibility should decrease with increase depth beneath the 
surface, but the actual variation slight.as nowise affect the 
supporting power piles. The displaced soil contact with the 
pile pressed against the latter its own elasticity and the influ- 
ence the stresses the surrounding earth. Theoretically, the 
resistance motion the pile from this source should increase 
directly the depth below the surface, that the curve support- 
ing power already described must compounded with second 
straight line, starting from the origin, and slanting certain angle, 
with the axes reference depending upon the amount friction ob- 


served. The actual amount this frictional resistance varies 


with many circumstances. 

The fact that piles enter loose ground and mud with equal penetra- 
tions for equal blows, however far driven, would tend show that 
the frictional resistance was small not observable, and that 
the main resistance was this case the supporting power the 
ground beneath the pile. the other hand, where the pile has 
been driven between stones logs into hard compact soil, the 
frictional resistance offered must often far greater than all other 
means support. The above-mentioned small frictional resistance 
may, however, greatly increased after lapse time the com- 
pacting the earth around the pile from the driving others near it, 
through the natural settlement back against the pile the soil 
forced away while was being driven. 

When pile supported entirely the frictional resistance, the 
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actual region supporting the load some deep ground level which 
the frictional resistance holding the pile has been transferred through 
the earth the shape conoid pressure, the base which gives 
total bearing value equal the load and unit bearing value which 
the earth that lower level will support. Each kind and degree 
compactness earth will give different angle for the slope the 
conoidal surface. When the frictional resistance relatively small, 
more the pile must the ground, the pile will settle through 
the immediately surrounding earth. Under excessive load, the 
bearing power the earth small and the frictional resistance rather 
high, the pile will carry down the earth surrounding and contact 
with it. 

the exact nature the soil seldom known, any criterion 
based upon the same would valueless determining the support- 
ing power pile. The engineer can guided any information 
may have this point only the spacing the piles one from 
another. When the piles are held the real bearing power the 
soil they may driven solidly thought best, and any case they 
will act simply columns. When supported frictional resistance, 
they must driven far apart, such depth, that the increased 
area bearing developed the conoid pressure having the re- 
quired altitude frictional resisiance meets level which will afford 
the required support before intersecting the conoid neighboring 
pile. 

criterion for the supporting power can determined with abso- 
lute certainty, because one cannot say that after whatever test may 
made, pile will act under the next identically similar test exactly 
the same way. The probabilities are very great, however, that 
similar conditions are observed far possible, pile under two 
similar tests will act nearly the same manner, and with perhaps 
little less probability that two neighboring piles will act alike when 
subjected similar tests. 

pile found begin sink under given quiescent load 
applied several days after has been put place, will probably 
begin sink second time nearly the same load similarly applied. 
The are nearly great that neighboring pile, showing 
the same phenomena while being driven, will carry the same load. 
This probability must, therefore, the basis for any practical de- 
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termination the question. course, the most satisfactory way 
actually test many possible the piles under question 
with quiescent loads. 

great pity that more numerous determinations this charac- 
ter have not been made the past, or, made, that the records 
the same have not become available engineers. Almost all the in- 
formation far published found Piles and Pile Driving,” 
edited the late Wellington, Am. Soc. E., who quotes 
extensively from compilation* John Trautwine, Assoc. Am. 
Soc. E., and which attention herewith especially directed. 

criterion for supporting power can obtained from the soil, 
the phenomena observable during the driving pile must 
examined. 


study the various phenomena involved the blow falling 
body striking pile and forcing into the ground intricate. The 
relation the phenomena the ultimate supporting power the 
pile best quite uncertain. the relation case impact 
one quiescent pressure. 

body free fall under the influence the attraction the 
earth does with accelerated motion, thereby increasing 


kinetic energy. this body strikes another, both are compressed 
amounts depending upon their elasticity, and the second set mo- 
tion when the amount compression has reached such point that 
its force overcomes whatever force hindrance may exist. The latter 
force tends bring the second body rest, both bodies, provided 
their relative elasticities are such that they have not separated. This 
force may constant variable, and probably the last instant 
its action its value would equal amount the ultimate resistance 
offered this second body being moved slowly and steadily 
increasing force. 
The following mathematical treatment believed cover 
thoroughly possible the various phases the problem. 
Let velocity hammer pile head 


Transactions, Soc. E., pp. 148-160. 
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velocity hammer and pile instant when both move 
together. 
Let mass hammer. 
Then weight hammer. 
Let weight hammer. 
Then 

Let mass pile; 
mass earth moved connection with pile; 
weight earth moved connection with pile. 


Then 


momentum gained pile and earth moved it. 


W,+ 
pile and hammer combined. 
Let varying velocity pile after instant pile and hammer 
move together. 


Let time occupied stopping motion pile; 


Then 


Let force bringing pile rest. 
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M,, will equal zero and pile separate immediately after 


instant both move one. 


u 
(n— 


Then 


Let initial force. 


Let penetration lost through crushing head, heating head, 


compressing pile and hammer; 


done crushing head, heating head, etc. 

work done compressing pile and hammer. 
When the hammer strikes the pile, the pressure between the pile 
and the hammer, which tends again separate the same, will increase 
from zero the value which instant the pile whole 


will begin move. 


Let af, average force instant pile and hammer move 


together; 


Then total compression per unit compressive force for 


each unit area. 
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Let average sectional area hammer; 
average force throughout length hammer tending 
compress same each instant. 


Then force per unit area hammer; 


total compression suffered hammer; 


work done compressing hammer. 
Let 


Then work done compressing hammer. 


Let coefficient elasticity material pile; 
average sectional area pile; 
fraction denoting portion equaling average pressure 
throughout length pile tending compress same. 


Let final force; 


This expression exceedingly long and unwieldy, but, before dis- 
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cussing how may shortened, glance its relation other pro- 
posed formulas will interest. Rudolph Hering, Am. Soc. 
E., monograph entitled Bearing has collected and col 
lated fourteen different formulas. Those there given, together with 
some others, are here reproduced for reference, together with their 
derivation from the writer’s formula the substitution certain 
values for the unknowns. 


Weisbach: 


s'e'se 


Weisbach: W,). 


Weisbach: 
Mason: 


Weisbach: 
Sanders: 


Nystrom: 
Baker: 


Eng. News Pub. Co., New York, 1878. 


2 
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[Papers. 
Wellington: 
(Engineering News formula.) 
Crowell: 


glance these formulas reveals the following facts: 
Most authors neglect friction the fall the hammer, that 


Most authors consider that the pile and the hammer not separate; 


x= 0. 


All neglect energy lost heating, etc., except apply factor 


They consider, without stating, that initial and final forces are 


They also consider, without stating, that the penetration varies 
the square the time; then 

They also consider 

With these assumptions: 


Weisbach assumes, besides the foregoing, that the pressure 
uniform throughout the pile and the hammer; 


also assumes that the pressure increases uniformly from zero 


then His formula, therefore, 


Rankine neglects compression the hammer, that is, 
also assumes that the pressure throughout the pile varies uniformly, 


His formula is, therefore, 


Baker assumes that the pressure the hammer varies uniformly, 


~ 
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stating that the average pressure probably below the center the 
pile.* 


His formula then becomes, 


This reduces 


6s'e'se 


Heritz’s formula the same the latter, except for the numerical 
quantities. 


Redtenbacher assumes the first mentioned values for all constants 


and 
finds that 


Many authors the compression the pile and hammer 
entirely; then Letting, also, V=0, j=1, 


n=2, before, and most writers do, have 

Wes W, rT 2 

that is, fact, that the friction such make the velocity 

fall vary the cube root the height. His formula is, then 
w 


which one Weisbach’s forms. 


= 
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instead 


Mason’s work assumes friction; that also, 


the last case, and find 


which also one the forms given Weisbach. 
Many authors neglect the weight the pile entirely. If, the 


last case, nearly Sander’s formula, 


and Weisbach’s final form. 


Another group formulas, having constant besides the 
denominator, may obtained follows: 

r=1, W=0. And, also, the pile and hammer are 

course, may quantity any degree complexity. 


Crowell’s form. 


the velocity varies the sixth root the fall, 


formula, except for the factor safety. 

Having thus obtained general formula, which, one another 
its modified forms, the one used different authors deter- 
mining the supporting power pile, remains seen what 
effects the various assumptions made them actually have the 
results obtained. 


nearly the Trautwine’s formula. 


which really Wellington’s the Engineering News 
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The wide variation observable proves conclusively that some 
the assumptions made are seriously error. Actual experimental 
determination the various quantities entering the theoretical 
formula the only way find the true value ina given case. The 
writer’s formula, being entirely theoretical, involves many quantities, 
the values which have not hitherto been ascertained. The first 
efforts made the writer along this line were find the law 
variation force, the time interval occupied the blow the 
hammer, and the movement the pile. other words, the values 

the report Brevet Lieut.-Col. James Mason, Corps 
Engineers, A., concerning the foundation Fort Montgomery, 
the following statements appear: 


The calculation (of the supporting power pile) very easy, 
the supposition that the retarding force constant during the 
very short period that takes destroy the motion the pile. This 
time was not measured. measure might difficult mechanical 
problem. Now, the variation the force may according 
simple complex law. Its variations may steadily one direc- 
tion, that is, constantly (not uniformly) increase constantly 
diminish the intensity that the force had the beginning the 
motion, they may the reverse, tending during one portion the 
time increase, and another diminish the value the force 
the commencement the 


connection with the construction the sub-foundation the 
Sherman Statue, situated just south the Treasury Building 
Washington, C., machine was contrived which should show 
besides the exact amount the vertical motion the pile, the time 
occupied this motion, the velocity the hammer struck the 
pile, and the pile each instant its movement, and also the 
amount compression suffered the head the pile from the blow 
the hammer. 

This apparatus (Fig. consisted frame which could held 
near the head the pile. was first held position vertical 
leg resting the ground and two braces right angles fastened 
the frame and resting the ground. Later, was held suitable 
arms resting against the guides which the hammer the pile- 
driver moved. 


The second method was more readily managed, but the apparatus 


q 
3 
q 
| 
| 


1108 GOODRICH SUPPORTING POWER 


suffered somewhat from the jar the frame-work the derrick. 
Moving front this frame was piece smoked glass, about 
ins. side, rigidly held light wood frame. This latter was 
supported four rubber bands fastened the four corners the 
frame surrounding the glass, and stretched vertically above and below 
those corners four pegs set the frame the apparatus. These 
rubber bands could adjusted the several pegs that the glass 
might move horizontally, parallel with the frame, and when drawn 
aside and released would vibrate from side side horizontally, moving 
vertical plane parallel with the frame the apparatus. 

one side was catch stop and hold the glass the end 
single vibration. opposite end the frame holding the glass 
was T-shaped metal dog serving engage the trigger which, when 
tripped, released the frame, allowing vibrate after had been 
drawn that set. The trigger was simply notched piece 
metal pivoted level with the dog. This trigger was released 
pegin the end vertical lever, pivoted that, the peg 
moved around the would raise the trigger. The upper 
end the lever was held against the end second horizontal lever 
strong rubber band. 

This second lever was pivoted near its center, that, when its 
free end was lowered, its outer end released the vertical lever which 
turn released the trigger, thus allowing the glass make single 
half vibration, and caught the catch the other side the 
frame. The horizontal lever was struck the hammer fell, stick 
projecting from hole the latter. 

Projecting from the end the stick was wire which made mark 
the smoked glass the hammer fell and the glass moved. 
tuning-fork was placed horizontally front the glass, that 
wire fastened one the prongs would scratch path the glass 
the latter moved. When the glass had been set, and was held the 
trigger, the prongs the tuning-fork were pressed together and held 
that position strip metal with square notch its end, into 
which the prongs fitted. The other end this strip was fastened 
the frame holding the glass, that when the latter began its half 
vibration the strip was pulled off, allowing the fork vibrate and 
thus trace sinusoid upon the smoked glass. The horizontal motion 
the glass would, theoretically, accelerated first positively and 
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RECORDING DEVICE FOR PILE DRIVER 


Frame Apparatus. 
Frame Smoked glass. 


Smoked glass. 

Catch. 

Trigger. 

T-shaped dog. 

Vertical lever, 

Horizontal lever. 
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Rubber Bands. 
Tuning fork. 

Strip release fork. 
Peg raise trigger. 


Stick hammer. 
Wire mark glass. 
Marks wire. 


Sinusoid, 
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then negatively, but the sinusoid traced the fork showed 
almost absolutely uniform motion. Froma test, the fork was after- 
ward found vibrate 500 times second. 

each observation taken with the machine, the hammer was 
allowed remain upon the head the pile after blow, and the ap- 
paratus was then adjusted that the wire the end the stick 
attached the hammer was about ins. below the top the smoked 
glass. The hammer was then raised the desired height, the trigger 
set, and the hammer allowed fall. The slant the line upon the 
glass, from its top down the point. where the hammer struck the 
pile, would measure the velocity with which the hammer struck. 

the observations here described, this could not relied upon 
give true results because the large amount (about ins.) lat- 
eral motion possible the hammer the guides. the instant 
striking the pile, the slant the line, theoretically, should change, 
making greater angle with the vertical, thus showing the reduced 
velocity the system composed the hammer. the 
remainder the motion, nothing could predicted, one knew 
the law force according which the pile moved. However, theory 
predicted that there would slight rise the curve after becoming 
horizontal, due the reaction against the compression the head 
the pile, due the impact the hammer. 

study the forms the curves obtained very instructive, 
and brings light many facts the action piles under the effect 
the blow pile-driver hammer. What may called typical 
diagram the fac-simile shown Fig. it, the line, that 
made the hammer the last its fall; and its slant, tan. 
should give the velocity the hammer when struck the 
pile. This point striking The curve, shows the 
velocity the pile each instant its descent. The vertical dis- 
tance, shows the penetration the pile, and the compres- 
sion, suffered the head the pile under that blow. 

The time occupied measured the horizontal distance, 
measured terms the sinusoid above. the point, the pile 
ceased descend, and the vertical distance, shows the com- 
pression which the head the pile underwent, measured the 
reaction the pile head. This reaction occupied interval time 
measured the horizontal distance, DD". the point, the 
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hammer left the pile the rebound, and the line, was drawn 
the irregular motion the rebounding hammer. According this 
diagram, the velocity the hammer was about ft. second, corre- 
sponding fall ft., whereas, reality, the fall was ft. The 
pile sunk 2.56 ins., and occupied about 0.047, second doing 
so. The compression the head was about and the reaction 
took place about 0.006, second. 
Fig. diagram taken pile with very much broomed head. 
The amount compression suffered the pile here very large, 
and, consequently, the point which the hammer struck the pile 
nearly lost because the motion was first taken the head; and the 
pile, whole, partook the motion only gradually. Figs. and 
were taken from piles when their points were penetrating stratum 
soft, dry, loamy clay; and the diagrams are very smooth and regu- 
lar. From these two figures, would appear that the law variation 
velocity such that the penetration, measured from the deepest 
point, varies the square the time measured from the final instant. 
That is, 
chosen 0.3, the scale the diagram, 

and the dotted curve Fig. which shows the locus this equa- 
tion, coincides almost exactly with the diagram. Necessarily, the 
value this constant will change for different kinds and degrees 

compactness, density, etc., the soil being penetrated, and with the 

size and shape the pile being driven. 

Figs. and are diagrams taken when the point the pile was 
penetrating more heterogeneous material, clay mixed with gravel. 
Fig. study the action pile penetrating such 
astratum. For the first two three-thousandths second, the pile 
did not move perceptibly, but almost immediately increased, with 
rapid acceleration, until had sunk about 0.85 in., when encount- 
ered increased resistance which slackened its speed some extent. 
gained slightly velocity penetrated that obstacle, but 
rapidly fell off after few thousandths more, and came rest 
obedience the law above enunciated, after sinking 2.20 ins. all, 
and occupying about 0.034 second the process. 

Occasionally, pile would appear sink with uniform velocity, 
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RECORDING DEVICE FOR PILE DRIVER 


Cylinder covered smoked paper 
Frame Wire attached pile. 
String Adjusting screw for support. 


F 
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shown Fig. This velocity sometimes appeared exactly 
that the falling hammer, and the diagram would take the form 
shown Fig. would seem the pile were penetrating soft 
stratum and suddenly struck some obstacle, for was several times 
observed that the diagram the next blow was similar Fig. 

Fig. diagram type occasionally encountered. seems 
simply modification Figs. 8and9. From the position the 
apparatus, was evident that the hammer struck the pile point 
near the star the figure. The pile seemed respond instantly 
the hammer, but fall off extent velocity, down tothe point 
when encountered the hard stratum. The foregoing diagrams were 
all taken from among the last three four blows which each pile 
received, and every case seemed sinking about the same dis- 
tance under each any number similar blows, however deep was 
driven. 

later date, heavy cylinder was mounted upon pivots and 
made rotate rapidly the act pulling string wound around 
one end, asa top spun (Fig. 11). This rapidly rotating cylinder 
was held that wire, firmly attached the pile driven, 
would make mark the smoked paper the surface the 
inder. Some the results obtained are shown Figs. 12, and 14. 
relation seems apparent between the curves obtained with the wire 
the hammer and with the pile. 

Having thus obtained numerous graphical records the pile’s 
movement, very careful study was required determine the exact 
law variation. The writer was fortunate enough have access 
Coradi’s graphical integrating machine. With the help this instru- 
ment was possible draw the curves which are the first, second, etc., 
differentials the curves first obtained. These are shown Figs. 
and 16. While the original curves are necessarily irregular, and doubt- 
less the exact law variation two cases exactly identical, and 
case uniform throughout the whole extent motion; still, 
would seem, from study the curves, the variation the 
penetration was the square the time the average case, and 
that was best make that important primary assumption the 
building formula. The curves also show that the majority 
cases the final intensity force was the same the initial in- 
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far can seen from the diagrams, the value also, equal 
The diagrams also prove beyond doubt that the hammer re- 
mains contact with the pile until its motion has entirely ceased. 
The initial velocity, u,, the writer’s formula, which that the 
pile itself distinguished from that the hammer, hammer and 
pile combined, then equal which that the hammer and 
pile the instant they move together after all compression has taken 
place. Therefore, the writer’s formula the quantities and 
have the values and respectively. Also, not equal 
zero the latter portion this investigation, but must included 
the formula. 


RECORDING DEVICE FOR FALL HAMMER 


Cylinder, covered with smoked paper. Threaded axle. 
String attached hammer. Fixed nut. 
Drum acting reel. Tuning fork. 
Base. Mark. 
Wire tuning fork. 


Few authors seem think that the actual velocity with which the 
hammer falls differs materially from its theoretical value. deter- 
mine this point, two drums were mounted upon the same axle, which 
could given lateral motion having threaded portion pass 
through fixed nut (Fig. 17). tuning fork, with wire soldered 
one prong, was made mark the smoked surface one drum the 
whole was made revolve the unwinding the string from the 
other drum. The free end the string was fastened pile-driver 
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hammer which was allowed fall freely while the observations were 
taken. What considered typical curve velocity shown 
Fig. 18, together with the theoretical one. will seen from the 
figure that, after the hammer has fallen about ft. the curves are 
very nearly parallel. If2g were made the dotted curve the 
one obtained, which seen agree very closely with the actual curve 
obtained experimentally. may assumed, then, that the quanti- 


ties and the writer’s formula should and zero, 


respectively. 
Am. Soc. E., the following examples the friction suffered 


hammer falling with the usual rope attached are given: 


fall. Rope attached. 


0.5 
0.7 
0.32 

Upon the assumption that the penetrations are proportional the 
velocity the hammer, the values the writer’s formula, can 
computed. These are 1.02, 1.21 and 1.28, respectively, and they 
average 1.15, which the value already assumed. 

The only other quantity concerning which observations could 
made Its value, however, very uncertain, any given case, 
and subject variation, that its consideration will deferred 
little. 

The writer’s formula, with the above-mentioned substitutions 

s'e 

Practical considerations make virtually impossible measure 
accurately penetration less than and believed that 
making actual determinations should never undertaken. 
equally troublesome obtain any result which can guaranteed 
being within in. being exact. With total penetration large 


Transactions, Am. Soc. E., Vol. xxvii, page 172. 


made, follows, letting also 
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ins. (which seldom observed), variation in. would make this 
penetration liable error. Assuming the following approximate 


values for the other quantities the formula: 


Differentiating this expression with respect observe that 
the value changes 407 times fast when the latter and 
the observed value will involve the value least 3.1% 
error the first case and 14% the last case. Consequently, any 
quantities quantities the formula which will not change 
when neglected, can, good advantage, dropped from fur- 
ther consideration. Further, the liability error enormous with 
small penetrations that penetration should trusted much less 
than in. and formula can guaranteed within reasonable per- 
centage error for less penetrations. 

The variation caused the omission the factors which increase 
the compression the pile and hammer are the first which suggest 
themselves for investigation. 

for long piles soft wood driven large, soft, iron hammer, and 
0.00000140302 for short, hardwood piles, and light, tough, iron ham- 
mer. Assuming =3000, 180, W,= 

given above, about 65000. This extreme variation, ex- 
traordinary cases, 13%. With value 0.000002083, which 
upon the assumptions the last paragraph, 703 810, and there 
error per cent. Extreme variation the hammer found 


may neglected, simply assuming that the value zero. 


place use and the value now is: 
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The matter proper value assigned the this formula 
one largely conjecture. Many authors say that their formulas are 
applied only pile having head firm and free from all 
brooming. strict conformity this diction would require that prac- 
tically every pile tested should have its head sawed adzed off 
just before the test blow struck. This almost always impractica- 
ble, and thus some value should assigned this quantity. From 
the record the pile driven Nasmyth pile driver,* 
Whittemore, Past-President, Am. Soc. E., would appear that 
about 52%, only, the available energy was actually consumed, 
the average, driving the pile. driving the pile from the twelfth 
the twenty-second foot penetration, 682 blows were struck, 
average 468 Immediately after adzing off the head, each 
two different times, only 275 and 213 blows, respectively. were required 
drive the pile the next foot. Averaging these two would give only 
244, which would have been required under first-class conditions. 
This affords the means for arriving the above result. The loss in, 


this case considered excessive. 


the case the pile shown the diagram, Fig. the percent- 


age loss would nearly for compression, heating and 


all other losses. Professor Franz Kreuter, Munich, 1896 pre- 
sented paper} which showed how the total lost energy could 
found two sets observations pile. Upon the assumption 
that the loss energy the same for falls hammer not very widely 
varying, proportional the same, and also that the supporting 
power not dependent upon the fall, the value the writer’s 
formula, can computed from the two following equations: 


These observations were made for quite number piles, and the 
corresponding computations made. They were found vary 
largely, but did not usually exceed 5%, and remained near 
most cases where the piles were sound and well driven. very inter- 


Transactions, Am. Soc. E., Vol. xii, 441. 
Minutes Proceedings, Inst. E., Vol. exxiv, Pt. ii. 
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esting result, shown Fig. 19, was obtained computing approxi- 
mately the percentage lost energy due all causes the different 
observed falls. there appears that the loss energy increases with 
the fall. Substituting, before, values the last found formula, and 
very considerable variation. Without making just such observa- 
tions the foregoing, and reducing them, absolutely impossible 
judge the size needless say that such computa- 


PERCENTAGE ENERGY LOST, COMPUTED 
KREUTER METHOD 


tions are exceedingly irksome, and, according modern practice, 
carrying them out would deemed needless refinement. 
way would involve change 9.3 per cent. The writer’s obser- 
vations tend show that the quantities involving the compression 
the pile can neglected, and their effect compensated for when 
the piles are sound and well driven, make the formula. 
the other hand, the formula liable 20% error, with poorly 
driven piles and falls differing materially from ft., which point 
the value most nearly 1.15. 
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Making these substitutions, gives for 

The only unknown quantity This involves the ab- 
solutely unknowable quantity The assumptions which are 
finally forced make desire reduce the formula still further, 
involve variations which may special eases amount per 
cent. Should this happen combination with other cumulative 
errors, the final value obtained may error per the 
other hand, sound, well-driven pile, weighing somewhat less than 
the hammer, tested fall hammer about ft., and 
shows penetration about in., the writer feels confident that the 
final formula will give its supporting power immediately after driving, 
within probable error considerably less than per cent. 


F 


desired have given feet, the formula becomes 
ten times hammer, times height, divided three 
times penetration. 

yet remains show the relation this formula those other 
authors. making this comparison remembered, however, 
that this formula was not built give accurate results under any and 
all conditions. 

Fig. shows the relationship which exists with other formulas 
for 000, 000 and hammers and 15-ft. fall. Table No. 


observed. Computed. 
Proctorsville......... 910 0.35 500 000 


From locomotives use. 
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shows the actual supporting power such piles (selected from Tables 
and B,* referred connection with Mr. Trautwine’s compilation), 
can used with this formula, relation the results indicated 
it. Comparison will show that this formula far closer than any 
other except Trautwine’s, and the cases selected, and given 
Table No. nearer than his six out ten. 

that making tests for the supporting power 
piles, standard fall hammer adopted and specified for 
making all determinations. that ft. adopted, 
and this done for the following reasons: 

(a) This height fall produces good, observable penetration 
with any but very light hammers, for piles extremely compact 
soils. 

The penetration not excessive for any but very heavy ham- 
mers for piles very light soils. 

(c) All frames are large enough afford this fall. 

The lost energy comparatively small. 

(e) Nearly all formulas give nearly the same values through this 
region variation. 

The writer’s formula especially built for this fall. 

Finally, specification similar the following, its main features, 
especially recommended. 


Piles shall driven such depths that the last blow 
hammer freely falling ft. shall not produce penetration 
greater than in., equivalent penetration directly proportional 
the weight the hammer.” 


believed that such piles will support ultimate load within 
10% tons; and that designers can more easily determine the ne- 
cessary pile spacing and the most desirable factor safety used 
individual cases, and make the pile-drivers follow standard speci- 


than otherwise. 


securing data and checking results, the writer has been assisted 
materially Cleaver, Jun. Am. Soc. E., who has acted 
Assistant Engineer the New York Navy Yard for several years. 


*Transactions, Soc. E., Vol. xxvii, pp. 148-151. 
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SOME DEVICES FOR INCREASING THE ACCU- 
RACY RAPIDITY SURVEYING 
OPERATIONS. 


The devices described this paper were all designed and con- 
structed under the direction the writer. All have been subjected 
practical use, and their merits demonstrated. some cases the 
general principle was adapted from similar device very different 
instrument. one instance only (so far known) has any one 
the devices been illustrated instrumental feature instru- 


ment maker, and, even that case, not until long after its construc- 


tion and use the writer. confidently expected, however, that, 
usual such cases, there are many who may claim priority 
invention some these devices. Regardless the validity such 
claims, the writer maintains that the devices are not such general 
use their undoubted merit will justify, and believes that 
doing service the profession calling attention them. 

Vertical Arc Plane-Table Alidade.—The disturbances 
plane table, due its being used drawing table, can readily 

papers are issued before the date set for presentation and discussion. 


subsequent number Proceedings, and, when finally closed, the papers with dis- 
cussion full will published Transactions. 
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kept within limits which will not essentially vitiate the accuracy 
those operations which are peculiar the plane table. But the ad- 
vantages using the stadia method connection with the plane table 
are great. obtain differences elevation with the accuracy gen- 
erally required necessitates the determination the vertical angle 
the nearest minute arc. matter how carefully the plane table 
was originally leveled up, brief use will put out level, not only 
arc, but possibly minutes. Re-leveling will inevitably turn 
the table azimuth enough vitiate future angular work. The device 
illustrated Fig. Plate XXII has been tried, with very gratify- 
ing results. The screw, moves the vernier arc, which can revolve 
around the telescope axis. The graduated arc rigidly attached 
the telescope axis. the vernier arc level bubble, adjusted 


that when the bubble the center and the line collimation the 
telescope actually horizontal, the vernier reading degrees. 
Therefore, for any pointing the telescope, down, even when 
the table slightly out level, only necessary adjust the 
bubble the center, and the vernier reading the true vertical angle. 
The principle was suggested the writer the vertical arc and 
bubble attached zenith telescope. The amplitude motion 
the vernier arc need not great, for the table becomes very much 
out level, indicates disturbance which would necessitate re- 
setting for azimuth well re-leveling. 

Vertical Arc Transit.—Few transits with large vertical arcs 
have passed through much active field service without the arcs be- 
coming more less bent. inspection Fig. taken from the 
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catalogue well-known maker, and which exhibits the usual type 
semi-circular vertical arc, shows the reason. matter how the tele- 
scope set while the instrument carried, the ends the pro- 
trude, and, like sore finger, are sure strike something (merely 
twig perhaps, the side the instrument-box when the 
instrument being put taken out) which will bend slightly. 
reduce this danger, the usually made small radius, 
small that, graduated nominally single minutes, even the deter- 
mination the nearest minute becomes uncertain, and the estima- 
tion half minutes becomes impracticable. comparison Fig. 
with Fig. Plate will show how the danger striking and 
bending the arc has been reduced the design the latter. Here 
there are two verniers attached plate which screwed the 
standard. The zeros the verniers are precisely 60° apart. The 
graduated arc, attached rigidly the telescope axis, numbered 
two rows from 60° each way, and graduated for few degrees 
over 60°, permit vernier readings angles which are nearly degrees. 

When the telescope pointing (Fig. Plate the right- 
hand vernier read, and this will accommodate any angle the 
practicable limit use (without prismatic eye-piece). For 
angle depression, the left-hand vernier will used, and this will 
accommodate any angle down where the vision obstructed 
the plate. This device enables long radius used, shown 
graphically Fig. Plate XXII. The radius that case 

circle permits not only easy certainty reading 
circle the plan Fig. would almost inevitably struck and 
bent during the course very short service. course, the instru- 
ment would never carried with the inverted, Fig. 
Plate XXII. 

Combination Double Vernier and Adjustable Vernier.—When 
desired take large number stadia from one 
station with the time required great that the transit 
will generally settle somewhat out Re-leveling will almost 
inevitably shift the transit inazimuth. addition, the plate bubbles 
transit are usually too coarse serve the basis the accurate 
measurement vertical angle the nearest minute seconds. 
Therefore the adjustable vernier principle was Fig. Plate 
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the two verniers are attached are swinging around the 
telescope axis but held position the screw, this 
placed bubble, which much more sensitive than the usual 
plate bubbles, and which will readily indicate change much less 
than arc. with the plane-table arc, the vernier need not 
have large amplitude motion. The sensitive vernier level 
watch shows the steadiness the instrument, and needs 
only adjusted when the bubble shows necessary. The 
actual use this bubble transit was, the writer, revelation 
the motion which transit subject, even under ordinary con- 
ditions, motion which practically unnoticeable with the coarser 
plate bubbles. found necessary readjust the vernier quite 
frequently, and, knowing the angular value the motion this 
vernier bubble, the actual uncertainty usual vertical deter- 
minations becomes very apparent. circuit several miles was 
recently run with instrument equipped with this device, and the 
resulting error closure levels was far within what could have 
been expected with the usual instruments. This device was applied 
transit, under the direction the writer, Heller and Brightly, 
Philadelphia. 

IV. Stadia Slide Rule.—Stadia plottings plane table require 
that stadia made the field. has similarly been 
found that sketch-board plottings the field, difficult topography, 
taken with transit and stadia, reduces the chances errors plot- 
ting, and this likewise requires the made the 
field. These reductions are made: (a) numerical computation, with 
the aid tables—which laborious discourage the use the 
stadia method; from chart which, large enough for accurate 
work, too large and clumsy for field use and inconvenient even 
for office use; and (c) stadia slide rules. The slide rules hitherto 
the market are either small (the logarithmic unit being short) 
that the required quantities are not obtained with sufficient accuracy, 
else they are that they areclumsy. the cylindrical 
principle, which the Thacher rule familiar example, slide rule 
with logarithmic unit ins. long has been made, and yet the total 
length the instrument but inch greater. This length 
logarithmic unit was chosen after considerable study the accuracy 


required for ordinary conditions. ample, and yet the instrument 
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small readily carried and used the field. This device 
has just been manufactured for the writer Keuffel and Esser, New 
York. The true horizontal distance obtained computing the 
correction the nominal distance. The value this correction 
obtained with much greater ease and accuracy than that required 
read off directly from the scale the true horizontal distance, for the 
changes sin.” small angles are much more rapid than the changes 
cos.” the same angles. 

Engineers unfamiliar with such instrument will surprised 
the rapidity with which two men (one calling off and recording, and 
the other using the slide rule) will dispose series several 
hundred stadia shots. Inexperienced men can taught use the 
rule effectively few minutes. Such instrument removes what 
has been barrier the adoption stadia methods. 

Tension Frames for Steel Tape Measurements.—The development 
methods steel tape measurements has resulted work being done 
0.00203 sq. in., and modulus elasticity 165 000 lbs. per 
square inch,* variation tension slightly less than will 
change its length one-millionth part itslength. Extreme accuracy 
tape measurements, therefore, can only obtained when the actual 
tension may determined with accuracy which beyond question. 
ordinary spring balance, the closest reading which is, 
course, useless for such refined work. Even the balance reads 
ounces, its reading when held horizontally very different from 
reading when held vertically, and allowance must made for this. 
And, after all, there always the feeling uncertainty the meas- 
urement force spring which may vary, rather than the 
known force gravity. Johnson, Am. Soc. E., 
somewhat rude contrivance for measuring tape tension the 
moment weight about knife-edge. 

The fundamental idea has been elaborated into the device illustrated 
Plate XXIII, shown, separately, the tension apparatus. The tape 
attached forked hook, which plays knife-edges The line 
joining the knife-edges, and perpendicular Therefore, 


Actual figures for the Univ. Penn. 300-ft. tape. 
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and the level tape pulling with moment about which exactly 
determinable. was, course, matter design the coun- 
terweight, the sliding weight, and the various dimensions that 
the various notches the scale bar would correspond, with even greater 
accuracy than can utilized, the tension actually existing the 
tape. this apparatus, after the accuracy design and adjustment 
the counterweight and bubble once satisfactorily determined, 
doubt can exist the accuracy its determination tension. 

course, certain other details are necessary for practical use. The 
screw, moves the standard supporting the forward back 
grooves, may necessary produce the required tension. The 
screw, lowers the bed-plate that the tape between and 
the top the stake (Fig. Plate XXIV) may truly horizontal. 
projecting pin the lower side the bed-plate passes through 
transverse the supporting plate, This slot enables the tension 
apparatus adjusted laterally proper alignment, and yet holds 
position longitudinally. (see Fig. Plate XXIII, 
unfortunately hidden Fig Plate XXIV) rests the supporting 
plate, The frame, made 1-in. pipe. Only approxi- 
mate adjustment for position and height necessary when setting the 
frame the ground, for the tension apparatus may adjusted lat- 
erally, longitudinally and vertically the means described above. 

the other end the tape somewhat similar frame used. 
wing-nut, turns screw and pulls the tape until the zero mark 
precisely where desired. The piece holding the screw likewise has 
lateral motion, means pins projecting through transverse slot 
the plate, it. vertical motion allowed for, 
unnecessary, being really preferable that the hook should some- 
what lower than the stake, that the tape should bear the stake 
slightly. The pieces, Zand (Figs. and Plate XXIV), are short 
pipes pointed their lower ends and their upper ends terminating 
tees which will turn loosely the horizontal pipes which form the 
deeper into the ground, the height the back end the frame can 
readily adjusted with sufficient accuracy. The pipes, are also 


pointed, and take the pull the tape the whole frame. 


course, this frame (Fig. Plate XXIV) should used the rear end 
series hooks the left end the screw-bar, one 


the tape. 
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which the tape ring may hung, obviates the necessity for exces- 
sive motion the wing-nut. 

the tape, when the required tension, held mechanically, 
and not means muscles which may tired and nervous, the po- 
sitions the end marks the hubs may determined leisurely, and 
with great precision desired. 

The ability produce and measure exactly any desired tension 
the tape permits very exact determination the modulus elas- 
ticity, assuming that linear vernier micrometer also available. 
simply necessary note the elongation the tape between ten- 
sions 10, 12, large number independent solu- 
tions thus obtainable, the agreement which will furnish 
criterion their reliability. 

This apparatus was made, several years ago, from designs the 
writer, for the Civil Engineering Department the University Penn- 
sylvania, Tinius Olsen, Philadelphia. 
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EXPERIMENTS DETROIT, MICH., THE 
EFFECT CURVATURE UPON THE 
FLOW WATER PIPES. 


Discussion.* 


PAPERS AND DISCUSSIONS. 


Am. Soc. (by letter).—The authors are mr. Haskell. 
certainly deserving great credit for the great number new data 

contained this valuable paper. feature which has particu- 

appealed the writer the rating the Pitot tubes, this being 

akin the rating current meters. Murphy, Assoc. Am. 
Soc. E., his discussion has pointed out the wide range values 
the coefficient, any tube when rated tank. The criticism 
the writer would offer this method rating is, that the tube had 
travel curved path, and that the volume water used, cross- 
section the tank, was too small. 
Believing that this still-water method, which generally that used 
rating current meters, was worthy further consideration, the 
writer obtained permission from Major Fisk, Corps Engineers, 
U.S A., Am. Soe. E., charge the United States Lake Sur- 
vey, experiment with tube connection with the rating some 
the Survey current meters. Hubbell, Assoc. Am. E., 
Engineer the Board Water Commissioners Detroit, kindly 
loaned Tube with Gauge No. used the authors, and was 
rated, with the results given Table No. 70. 


Continued from November, 1901, Proceedings. See May, 1901, Proceedings for 


paper this subject Gardner Williams. Am. Soc. E.; Clarence Hubbell, 
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(1) (2) (3) (4) (5) (6) (7) (8) (9) 


The observations for this rating were made the canal the 
Detroit Water-Works drawing the tube attached boom front 
rowboat over 300-ft. course velocities varying from 0.96 
4.84 ft. per second, indicated Column 

canal arm the Detroit River, approximately 
rightangles it, several hundred feet long, about ft. wide and ft. 
deep, and has verticalsides. open river, and had 
current except that caused change stage water the 
river, which was perceptible times the course the observations. 
eliminate the effect this current, the runs were made alternately 
forward and back, shown For guide for directing 
the boat, No. telegraph wire, about 600 ft. long, was stretched 
taut, with block and tackle, over the center line the canal, about 
ft. above the surface the water. fair-sized rowboat, good model, 
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was fitted with guide both bow and stern for sliding along this Mr. Haskell. 


wire, and also with boom projecting far enough over the bow, that 
the tube, with its point about ft. below the surface the water, could 
carried vertical position about ft. front the boat. The 
gauge was placed vertical position near the center the boat, and 
was convenient for the observerto read. The base 300 ft. was marked 
off wires stretched across the canal, leaving approximately 150 ft. 
either end for obtaining the proper speed for observation and 
for stopping the boat after the run was completed. The two water 
columns the gauge were read intervals about seconds, the 
number readings varying from 60, depending upon the dura- 
tion the run. reducing the observations, the mean the read- 
ings taken any one run was taken the mean velocity head for 
that observation. 

Table No. gives tabulation the runs, their respective true 
velocities Pitot tube velocities the tube coefficient, and the prob- 
able error, considering the observations combined pairs. 

This rating also shown graphically Fig. 111, the point indi- 
the center gravity all the observations, the point the 
center gravity the observations above and the point the 
center gravity the observations below The point falls 
the straight line the equation which is, 1.199 0.545. 

The observations for this rating were made Mr. Edward 
Wilson, Recorder, United States Lake Survey, practically first 
trial. The result very gratifying, and, the writer, seems 
strong evidence the value this method rating. 

George Wisner, Am. Soc. E., his discussion this paper, 
makes some very pertinent remarks upon this subject rating tubes 
and current meters, for, generally speaking, the writer’s experience 
with current meters has been that engineers are not careful enough 
upon this point, nor they take good care their instruments 
they should. cannot share Mr. Wisner’s views regard 
the rating current meters still water, however, and submits the 
following observations for consideration. June, 1890, Direction- 
Current Meter No. belonging the Coast and Geodetic Survey, was 
rated the writer, and the observations with their reduction are 
given Table No. 71. rating also shown graphically Fig. 111. 

Shortly after this rating, test for accuracy velocities measured 
with this meter was made under the direction Dr. Mendenhall, 
then Superintendent the Survey, measuring the same current 
with and with floats. This test was made Vineyard Sound from 
the Coast Survey Steamer Blake. Foran observation, the meter was 
run ten minutes, and the resulting mean velocity was compared with 


the mean velocity given from the number floats that could run 
this interval time. 
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Mr. Haskell. TABLE No. OBSERVATIONS FOR 


Number revo- 
lutions. 


— 


~ 


340.50 | 0.587 | 0.37 0.217 | 0.1387 | 0.571 tp 016 | 0.0003 
212.50 0.941 0.720 0.518 0.936 0.005 0.0000 
42.50 4.706 4.282 20.152 4.654 -052 0.0027 
82.50 | 6.154 | 5.754 | 35.408 | 88.109 | 6.191 —0.087 | 0.0014 


Remarks. 


base 200 


Meter ft. 
front 


The resulting equations for determining and are: 


80.118 


and the values, with their probable errors, are: 


The results the test were follows, the velocities being expressed 
feet per second. 


Float. Meter. 


118 
126 
134 
151 
149 
158 | 
155 bow 
159 boat and 
ft. under 
surface 
water. 
174 
| 178 
180 
} | 
184 
185 
187 
187 
4 | 
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PITOT TUBE AND CURRENT-METER RATING IN STILL WATER. 
© North Runs of Tube ¢ South Rans of Tube ® Center of Gravity of Tube Runs 


111. 


Mr. Haskell. 


Other tests might offered, but this one probably sufficient for 


the present discussion. 


The writer’s experience with meters the propeller-wheel type has 


been such give him perfect confidence the results obtained 
with them, the meters have been used careful observer, have 
been carefully rated still water considerable area and good depth, 
and have been well cared for. firmly believes that the method 
still-water rating long straight-away course will found well 
suited the Pitot tube. 


Mr, Fisher. 


Jun. Am. Soc. (by Wisner* 


raises question the effect capillarity the accuracy differ- 
ential gauge readings. says: 


Mr. Horton. 


well-known principle that capillarity will cause water 
small tubes stand higher than the reservoir with which connected. 
This being the case, what diameter tube does this effect become 
sufficient affect materially the results the 


The writer, the spring 1899, Cornell University, with spe- 
cially designed apparatus and under the direction Gardner Will- 
iams, Am. Soc. E., made series observations tubes 
ranging diameter from 0.07 0.84 in., over differences head from 
zero ft. The complete data are file with the College Civil 

The experiments showed that measuring changes level and 
between reservoirs glass ins. diameter, respectively, 
which gauges small bore were connected for the purpose, 
the results were always identical; notwithstanding the fact that the 
small tubes capillarity made the water column stand much in. 
above its source, yet any difference level between reservoirs was 
represented precisely the same difference between the gauge read- 
ings the water columns the glass tubes. fact, was shown 
that dirt and individual peculiarities tubes produce far greater 
errors than any supposed errors due capillarity, should they 
discoverable. 

The same line experiments was extended differential gauges 
which oil was used magnify the difference head, and precisely 
similar results were secured. 

the accuracy the observations made proper state 
that cathetometer, with telescope, reading was used 
measure the heights the reservoirs and tubes. 

may said, therefore, that difference head ft. indicated 
tube having interior diameter in. indicates actual differ- 
ence ft. head the reservoir. 


Esq. (by letter).—This paper constitutes 
important contribution the technique hydraulic measurement. 


Proceedings for September, 1901. 
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the uses the Pitot tube instrument precision. Most the 
profession, believed, were hitherto inclined look upon 
scientific toy. who have read this paper may differ opinion 
the range legitimate application the Pitot tube practice. 
the writer, its scope usefulness seems narrow one, fact, 
almost limited the purpose for which the authors the paper have 
applied it,viz., determining the flow pipe lines and small closed con- 
duits penstocks, cases where open-channel measurement, 
either end the conduit, weir, current meter, other means 
impracticable. this may applied determining the fric- 
tion head pipes and penstocks, the loss head due bends, 
specials, gate-valves. These are all points which great deal 
additional information desired. 

The difficulties attendant upon the use the Pitot tube are very 
great, has been clearly set forth the authors, and many opera- 
tions are required, reducing the data, discourage its use all 
where simpler, less scientific precise, means can resorted 
to. The must standard form, otherwise, known 
calibration coefficients will not apply. The pipe conduit should 
precisely equal diameters both points measuring the head. 
oil used, the coefficients for reducing the tube readings are not 
directly proportional the specific gravity the two fluids used, but 
must separately determined elaborate experiments. The use 
long hose connections, especially those small diameter, undesir- 
able account the great difficulty becoming perfectly sure that 
the hose and connections are entirely free from entrained air. 

The authors deserve great credit for their endeavor place before 
engineers the necessary data for reducing Pitot tube measurements 
when made under suitable standard conditions. They have made 
the Pitot tube available for use the class cases above described 
where all other methods fail. 

interesting compare the Pitot tube with the current meter; 
the former instrument being applicable closed and the latter open 
channels. 

Both are used determine the velocity flow large num- 
ber small elements the cross-section measured; the volume 
flow being obtained summation the elementary discharges. 

The current meter determines the existing velocity directly. 
The Pitot tube indicates the head produced by, required produce 
the existing velocity. 

The current meter (of the variety) indicates the velocity 
flow correctly only when its axis parallelto the thread the cur- 
rent.* The Pitot tube indicates the statical head, statical and 


Nineteenth Annual Report, Geol. Survey, Part Hydrography, pp. 30, 
inclusive. 


class New England engineers was, perhaps, familiar with Mr. Horton. 
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velocity heads combined, according the axis the orifice normal 
parallel with the the current. 

The current meter has been shown give different results when 
held rigidly the current than when allowed freedom move one 
more directions. believed that the rigidity with which the 
Pitot held, especially flowing water containing swirls impulses, 
will affect the result some degree. 

The current meter indicates the velocity the passing water 
regardless its direction flow. deep turbid water, where the 
meter invisible, direction indicator may applied.* cross- 
currents eddies the Pitot tube fails indicate correctly, either the 
direction velocity the water. This appears the writer con- 
stitute one the chief difficulties its use. 

The authors have shown the rating coefficient the Pitot tube 
have different values when drawn through still water and when cali- 
brated flowing water. Recent experiments indicate that the same 
may true the current meter. Practically all flowing water, espe- 
cially insmall pipes and channels, appears contain certain amount 
what might termed, ‘‘internal motion,” consisting small 
swirls, eddies vortices. The effect upon instrument inserted 
determine the velocity has been described being what would result 
the water moved independent ‘‘chunks.” When rated still 
water, the current meter, Pitot tube, does not encounter these swirls 
eddies. 

The authors conclude that the curve velocity the 
pipes upon which they experimented has the form ellipse. 
this connection, may well consider further the nature and effect 
the so-called internal motion the water. closed pipe con- 
duit, the velocity the the circumference retarded 
friction. These turn retard their neighbors next inside, and 
the center the pipe channel. This not the whole story, 
however, the case fluids limpid water, may demon- 
strated ocularly placing aniline dye near the margin ofa small stream 
flowing Little groups particles near the border are dif- 
ferentiated from the mass; the same time they are carried with 
it. Their motion holds, them together what might termed 
dynamical system, namely, vortex.” The laws motion vortices 
were investigated Helmholtz, who showed that each bears definite 
burden kinetic energy, abstracted, this case, from the energy 
the mass, constituting definite loss head. The vortex may car- 
ried considerable distance before broken the friction 
the fluid particles themselves and its energy imparted the indi- 
vidual particles and converted into heat. 


Report Chief Engrs., U.S. Army, 1900, 5333. 


The Character Fluid Professor Hele-Shaw, Proceedings, Inst. Naval 
Architects, 1898. 
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highly viscous fluid, the generation these vortices pre- Mr. Horton. 
vented and the surface retardation transmitted from lamina 
lamina, growing less and less distance from the border increases. 
such cases possible that the law inward retardation may 
such that the equation the transverse velocity curve might defi- 
nitely determined. the case water, large number vertical 
velocity curves open streams varying depth, velocity and character 
perimeter, obtained the writer means the current meter, 
indicates that the velocity curve may vary from flat arc equi- 
lateral hyperbola having its asymptotes diameter and element 
the channel perimeter. For certain sets conditions, the curve 
will closely approach parabola semi-ellipse, stated the 
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o 
° 
2 
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2 


Length Curved Portion, Pipe Diameters. 


112. 


authors. Either curve may useful working hypothesis 
particular cases. 

The curve Fig. does not appear represent the data fairly, 
inasmuch large majority the plotted points lie above the line 
drawn. The line drawn not smooth curve, but has sudden 
change curvature near the point and 2-3. Itis question whether 
the data would not represented better line passing through 
the origin. Furthermore, the upward curve the foot does not seem 
justified the plotted points, unless desired give some 
weight the form curve adopted earlier experimenters. 
order get more nearly the true significance the data per se, 
Fig. 112 has been prepared, using, for the sake uniformity, the data 


q 
= 
q 
i 30 i oi 


Mr. Horton. 


Mr. White. 


for 30-in. pipes only. mean curve has been drawn through the 
plotted points judgment, without any attempt determining its 
position mathematically. Table No. will give some idea the 
relative weight the plotted points, stated the authors. 


TABLE For Curve Excess 200 30-In. 


Percentage 
Number. Description. Remarks. 

First large compound......... Contains gate, rejected. 

24.8 


This curve not offered asa substitute for that given the authors. 
merely designed bring out more clearly the character the 
data for the 30-in. pipes. The practical conclusion is, that taking into 
consideration the greatest relative length quadrantal bends large 
radius, and the difference smoothness, any, the interior surface 
bends, compounds, and special castings compared with straight 
lengths, the resultant excess friction head straight pipe 
the given length increases the radius and length the bend 
increases. The data not appear sufficiently numerous 
concordant enable working coefficients taken out with 
precision. 

Esq. (by letter).—This paper such wide scope 
and varied treatment that one can hardly expected discuss intelli- 
gently all its important features. 

The authors express doubt the correct theoretical formula 
for use the reduction the Pitot tube readings. There seems 


according the impact theory. 


paper,* the writer, series experiments given which 
seems prove clearly that the theoretical and practical formula 
for Pitot tube points. The experiments show that velocity 
head converted into static head exactly according the law 
whether the effect the impinging jet considered 
according the impact theory according the velocity-head 
theory. 


Journal the Association Engineering Societies, August, 1901. 
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The introduction constant, 2gh, nearly always Mr. White. 


necessary account some suction action the pressure, side, 
openings the tube. 

The authors give ample evidence that the ratings some Pitot 
tubes, obtained open canals, not apply when the tubes are used 
closed conduits under pressure. 

There can only two causes affecting this result, when the cross- 
section the conduit not materially affected the introduction 
the tube: First, some changes the law for the conversion velocity 
head into static head the point, due the increased pressure; or, 
second, some change the value the suction action the pressure 
opening due the increased pressure. That the law for the conversion 
velocity head into static head can affected pressure 
conceivable, because the pressure the point increased equal 
amount all directions. The suction action caused irregularities 
the tube near the pressure openings, as, for instance, Tube No. 
where the abrupt curves the tube the pressure openings cause 
suction action equal 40% the velocity head the impinging water. 
These irregularities distort the flow the water, causing 
direction away from the openings. This flow, striking the surrounding 
water with constant impact, relieves the pressure the openings. When 
the pressure the surrounding water small, the effect this impact 
large, comparatively. When the pressure the surrounding wall 

water increased, the effect this distorting force small, com- 
paratively, and hence changes the coefficient the tube. 

June, 1909, the writer made some tests* with Pitot tube enclosed 
52-in. pipe. The pressure within the pipe was little less than 
atmospheric pressure. The tube was worked under average press- 
ure ft. water. The side the pipe was tapped for static 
opening, corresponding ring piezometer the authors’ descrip- 
tion, and pipe led the Pitot tube gauge, connecting with the 
point and pressure pipes. The point and static readings were treated 
those Pitot tube having constant unity, and the constant 
the point and pressure was calculated 0.856. The Pitot tube 
was afterward calibrated open canal under ahead ft., and its 
constant was determined 0.849. That say, the point the 
Pitot tube converted velocity head into static head according the 
law 0.993 This well within the limits accorded the 
errors observation. examination the paper will show the same 
thing when those tubes having points are surfaces revolution 
are considered with ring openings for pressure readings. For four 
observations, the constant the point does not vary from unity more 
than per cent. fact, traverse the 2-in. pipe agrees with the 
writer’s deductions within one-half per cent. From thisit appears 


Journal the Association Engineering Societies, October, 1900. 
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conduits caused some action the pressure openings due 
increased pressure. 

have brought out several forms tubes, and have tested 
them the same conditions. The most instructive tests are those 
made the 2-in. pipe with pressure and ring piezometer readings for 
the same point. study the tables shows that those points having 
surfaces revolution, Tubes Nos. and convert velocity 
head into static head, according 2gh. Tubes and 
having points which are not surfaces revolution, not always give 
the full velocity head, shown Table No. 10. 

The reason for this not far seek. Fig. 113 are shown the 
stream lines flow and the curves pressure rectangular plate. 
referring these seen that the greatest occurs where 
the velocity flow least. Along the line there will flow, 
and the pressure will maxi- 
mum. The maximum pressure 
that can obtained equal 
the velocity head the flowing 
stream. Orifices placed along 
the line will give the maxi- 
mum 
placed Gand not give 
the total velocity head, because 
the water does not come rest 
points. appears, from CURVE PRESSURE 

ALONG C-D 
the results the calibrations, 
that the orifices Tubes 
and were not placed that they would give the maximum pressure 
obtainable, because the constants the points are slightly greater 
than unity. flat plate, Fig. 114, 
there will only one point, where there can 
placed orifice which will give the total velocity 
head, and that the center. 

There will point, points, any plane 


section c-D 


CURVE PRESSURE 
ALONG K-L 


will give the full velocity head, but there will also 


many other points the same plane where 
will not the case, and, consequently, the 
writer, seems best adopt only surfaces revo- 


a 
lution for Pitot tube points. CURVE 
The writer bases his deductions, the stream- 
line flow from rectangular plate, the fol- 114. 


lowing experiment the variation pressure flat circular plate: 
For this experiment flat circular plate, ins. diameter, having 
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were connected nipples and rubber tubing vertical glass tubes, 
shown Fig. 115. 

The apparatus was 
placed over the side 
rowboat, and 
tially submerged. 
the boat was driven for- 
ward, water rose the 
glass tubes, due the 
impact the water 
the plate, and outlined 
the pressure curve, 
shown Figs. 114 and 
115. 

the authors’ sum- 
mation the end the paper, Conclusion given, follows: 


The demonstration that Pitot tubes must have their coefficients 
determined, whether they consist point opening alone, both 
point and pressure 


the light recent experiments, this claim must fail, far 
applies points having surfaces revolution; but whatever new 
points may brought out concerning the Pitot tube, the fact remains 
that the authors used the tubes their disposal such manner 
obtain correct results. 

The amount painstaking care and labor devoted the calibration 
and correction the instruments used these experiments marvel- 
ous. line work the authors have set high standard 
excellence which well worthy emulation. 


115. 


ten holes spaced along diameter, was used. These holes Mr. White. 
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GRAPHICAL METHOD FOR THE SOLUTION 
STRESSES THE CONTINUOUS GIRDER, 
APPLIED DRAW-BRIDGES. 


Discussion.* 


inventor, the graphical specialist, usually poor judge the 
merits new graphical method, because the difficulties that lie 
the way its assimilation the busy computer, precious, 
not exist This the writer’s apology for making brief 
summary graphical method perfected him ten years ago. 
Nothing the subject has since been published the writer. The 
original articlest dwelt only upon the most general case, and many 
parts are difficult understand account that fact. This brief 
summary restricted girder resting four supports, with equal 
end-arms and constant moment inertia. isamethod construct- 
ing the actual equilibrium polygon for the actual loads, that reac- 
tions, shearing stresses, and moment ordinates can once scaled 
from the drawing. quantity needs computed analytically; 
but well-known methods computing certain factors graphically are 
omitted, for obvious reasons. 


*This discussion (of the paper George Barton, Esq., printed Proceedings for 
October, 1901) printed Proceedings order that the views expressed may brought 
before all members the Society for further discussion. 

Communications this subject received prior January 24th, 1902, will pub- 
lished subsequently. 


+Published the Journal the Franklin Institute, November, 1889, and January 
and March, 1891. 
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lis the length each the two equal arms; 

lis the length the middle span drum panel; 

lis the distance from the load the end the bridge; 

R,, R,, are the reactions the supports S,, 

His the pole distance the force polygon; 

mere matter convenience; 

the sign summation. 


The first proceeding find the points,” Fig. 12. 
S,, and taken any convenient length, and and may 
have any convenient slope. The intersections, with the verticals 
remainder the construction. Notice that 


12. 


The fixed points are Hand may proved that 

After having thus found these points, mark them plainly and draw 
verticals through them and erase all other lines except the line which 
represents the drawbridge and the verticals through the points 
support. Then proceed the construction Fig. 13. this 
diagram the shaded portion the actual equilibrium polygon for the 
drawbridge continuous girder for the actual loads. The area 
shaded diagonally indicates compression the upper chord; that 
shaded vertically, the opposite, tension. construct it, draw the 
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load line, first load; second load, and construct the 
simply its end supports and was disconnected from the remainder 
the bridge. For the purpose obtaining accurate intersections and 
convenient for the load line. Hence, lay times the pole 
distance and draw the vertical this vertical lay off 
There are several methods computing 
this quantity graphically, and all the valuable ones are well known 
those familiar with the continuous girder. Draw intersects 
the closing line the polygon for the bridge 
continuous girder. cuts the vertical through Hat Draw 


Mr.LaChicotte. 


18. 


and produce the support vertical, and draw The 
equilibrium polygon now complete. The reactions are found 
drawing lines from the pole parallel the sides the new equilibrium 
shearing stresses and moment ordinates can now scaled directly 
from the drawing. 

The proof for the construction can found the articles referred 
to, contributed the Journal the Franklin Institute. The method 
treatment pivotal bridge will evident from the foregoing, 
only one fixed point need found, where the arms are equal. 


method finding the reactions continuous girder, presented 


| Wy fi | 
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the author, valuable contribution the literature swing Mr.LaChicotte. 
bridges. The simplicity the method and its ease application will 

commend American engineers. The author has presented the 

subject clearly and fully that there seems little interest 

added. 

The formulas expressing the Theorem Three Moments, applied 
swing bridges, American practice, are based two assumptions 
which doubt have impressed engineers and students radical and 
unwarranted. The first these that moments inertia are assumed 
constant, which actually vary through wide limits—in some cases 
much 400 500 per cent. The second that all points sup- 
port are the same level, the same straight line. true that 
with proper care construction the supports may brought the 
same level, but the danger unequal settlement, with the consequent 
disturbance the stresses the structure, usually gives rise feelings 
apprehension. may shown, however, that serious error 
likely result reason the foregoing assumptions. 

Let consider beam constant moment inertia, resting 


three points support, with two equal spans uniformly loaded 
throughout: 


total distance between end supports; 

unit load per foot. 

the beam were absolutely inflexible, the problem finding the 
reactions would incapable solution; for the least settlement 
one the supports would relieve load entirely, and there would 

result either simple span with end supports, two cantilever spans 
balanced the middle pier. 

owing the flexible nature the beam—to the fact rather 
than degree flexibility—that the reactions and stresses are deter- 


minate. 
If, Fig. 14, the end supports re- 
moved, the girder will act double 
cantilever, and the maximum 
will expressed the formula 
3 p it R, R, 


14. 
the middle support removed, the 


girder will act simple span, and the center deflection will 
expressed the formula 


and vary directly the load and inversely the moment 
inertia. 


the case the simple span, single force, directed up- 


€ 
4 
384 
will noticed that these deflections bear each other the ratio 


Mr.LaChicotte. 
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ward, applied the center the beam, that the downward de- 
flection just overcome, and the beam rests three supports the 
the value may found equating its deflection 


that produced the load. The deflection caused single load, 
3 
R,, applied the center the span, and, placing this 


equal the due uniform load, have 
384 

pl, anexpression longer involving the moment 
inertia. 

While the flexibility the beam prerequisite the determina- 
tion the middle reaction, the amount that reaction independent 
the degree long the supports are all the same 
level. 

was found previously that the middle support removed, 
that the beam acts simple span, the downward deflection 
units, while, the middle support raised sufficiently annul the 
end reactions, the reaction the middle support would produce 
upward deflection units, making total range units. 
also shown above that requires center reaction equal five-eighths 
the total load overcome five-eighths the total and 
bring the supports the same level. The reaction the center 
varies directly according the position the center support with 
reference the other two. If, for instance, the center support settles 
one unit below the others, gives one-fifth its reaction, and, 


under total uniform load, the two arms act substantially two simple 
spans. 


t 


The unit above mentioned has the value which may 


readily computed for certain span known moment inertia. 
equals in. for swing bridge approximately 300 ft. span, 
defiecting under dead load, and without end supports. 

matters not whether the difference level supports results 
from unequal settlement the piers, from improper lifting the 
ends the span when closed; and, when neither these conditions 
exists, their equivalent produced the unequal expansion the 
chords the bridge, where the upper chord exposed the sun 
while the lower one may more less the shade. 

Every engineer who has had with the actual operation 
swing bridges knows how difficult realize and maintain any- 
thing like theoretical conditions; and, consequently, over-refinement 
methods computing stresses wholly unnecessary. The only 
safe rule assume conditions such wide range surely cover 
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any probable variations the reactions. The knowledge these Mr.LaChicotte. 


uncertainties will enough commend the author’s method, even 
those engineers who are prejudiced against graphical methods 
general, and especially where results are dependent upon the accuracy 
with which curves can plotted. the present case, diagram 
being required for all spans with equal arms, for each number sup- 
ports, the deflection curves may drawn, once for all, with all neces- 
sary care and accuracy. The results will probably conform more 
closely the assumed conditions than the latter the conditions 
actually existing. 

not claimed here that accurate results may not obtained 
the graphical method, but there is, among engineers, well-known 
prejudice its use final computations, which, doubt, arose from 
unfamiliarity with the subject, from unsatisfactory results obtained 
through lack proper care the construction the stress diagrams. 
Engineers, however, who make frequent use the graphical method 
are better able appreciate both its usefulness and its limitations. 

its application the continuous girder that the graphical 
method has received its highest development, and where its simplicity 
and directness render many respects preferable the analytical 
method. 

regards the derivation the elastic curve from the curve 
moments, the following may helpful reaching clear understand- 
ing the method. 


The equation moments uniformly loaded beam 
2 


constant, and expresses the constant uniform load per unit 


beam. If, however, the unit load not constant, but function 


only necessary express the load any point the beam 
terms and substitute this value for the unit load, the 
foregoing expression. 

The resulting value after two integrations, would give the 
correct value the moment any point the beam. For instance, 
the load assumed vary uniformly, from oneend ofthe beam 


the other, the unit load any other point would The 


2 
second differential becomes and, performing two in- 


tegrations, there results for the moment any point: 


like manner, the load may assumed vary parabola, and 
function represents the unit load any point thespan, 


2 
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Mr.LaChicotte. Before integration, must expressed terms If, addi- 
tion, divided which amounts changing the scale 
which the ordinates the moment curve are plotted, or, other 
words, fixing the pole distance the polygon forces, there results 

the double integral which may the equation the 


moment curve for load the deflection curve for the unit load 


which produces the moments, 


Pole distance Arbitrary 


Pole 
Mdx=Variable 


Fie. 15. 


Figs. and show the similarity the moment and deflection 
curves clearly that explanation needed. only necessary 
bear mind that the load per unit length beam, then 

From similar triangles, the diagrams moments and force poly- 

second member each equation being taken minus, because, the ordi- 


nates being measured the concave side the curves, the second 
2 


derivatives, are essentially negative. 
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Discussion.* 


Assoc. Am. Soc. (by letter).—The writer Mr. Murphy. 


pleased learn that those who have used the current meter for years 
believe that ‘‘under the conditions usually existing river-discharge 
work, and with the proper amount care, results are obtained that 
are within the true 

Among conditions the writer would not include the 
shallow depths and low velocities, mentioned Mr. Hering, flood 
discharge, referred Mr. Conte. The writer’s current-meter 
and weir-discharge comparisons for low show clearly that, 
for velocities less than ft. per second, the meter discharge 
less than the corresponding weir discharge, and this difference 
increases rapidly the velocity decreases. 

well aware the fact that some streams difficult 
find good discharge section, and also that section may good 
one for some river stages, and very poor one for others. Ordi- 
narily, the extreme stages that give trouble; fortunately, these 
not often occur. frequently happens that two sections not very far 
apart can used advantage, one being favorable for discharge 
measurements low river stages, the other for higher stages. 

Continued from November, 1901, Proceedings. See September, 1901, Proceedings 
for paper this subject Edward Murphy, Assoc. Am. Soc. 


published Water Supply and Irrigation Paper, No. United States 
Geological Survey. 
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has means knowing whether what has called error, 
the Small Price meter work April 12th, was due change the 
rating the meter that day, suggested Mr. Miller, some 
other cause. was due change rating, serves empha- 
size the fact that frequent ratings are necessary when high degree 
accuracy current-meter work desired. 

Mr. Sherrerd has called attention the fact that the writer noticed 
about year ago while using two kinds meters time, that the 
Small Price meter indicated velocity less than the true velocity 
when held near the surface the water. The writer has measured 
the velocity near the surface simultaneously with the Small Price 
meter, the Haskell meter, surface floats, and loaded 6-in. cubical 
floats. These experiments show clearly that when the Small Price 
meter held with its center within ft. the surface, and the 
moving head wholly submerged, the velocity shown less than 
the true velocity. The error about the same, whether the meter 
held with cable and free tip, held rigidly with rod. 

Mr. Sherrerd inquires the necessity for dividing the cross- 
section into horizontal strips, and taking mean velocity for each 
horizontal layer, get the mean velocity the section. This not 
necessary, inasmuch the cross-section rectangle. 

width, the total discharge area; 
Vo, the mean velocity these strips; 
the total discharge area; 
the mean velocity this area; 

and the discharge, cubic feet per second. 

the strips are equal width, and the canal section rectangu- 

Q=F, (2 + 3+ + ?,) =F = F%,, 

That is, the discharge equal the product the discharge area 
the mean abscissa the vertical velocity curve that area. 

the closing paragraph his discussion, Mr. Conte calls atten- 
tion the fact that the use the current meter the engineer 
the present time limited canal coefficients. The tests accuracy 
current-meter work have thus far been made canals where the 
conditions could easily controlled the experimenter, and the 
conditions affecting accuracy easily described. highly desirable, 
but very difficult and expensive, make similar tests rivers. The 
writer has under way, small scale, study the relative accu- 
racy current-meter methods applied streams moderate and 
small size, and hopes the near future able throw some 
additional light this subject. 
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MECHANICAL INSTALLATION THE MODERN 
OFFICE BUILDING. 


Discussion.* 


Am. Soc. (by letter).—In reference Mr. Darrach. 


Mr. Bolton’s very interesting discussion, relative the various 
necessities noted page the writer cannot see that one more 
important than another. office building without light and water 
supply would absurd one without heat, elevators sewage 
disposal. certain amount artificial ventilation also necessary, 
and, whatever may said the ventilation the various offices, 
provision must made for the artificial ventilation the engine and 
boiler-room and 

Philadelphia, the ground floor and part the basement are 
generally used banks, trust companies, and kindred institutions, 
which there are many clerks. For such conditions, warm-air 
heating and ventilation generally demanded. Mr. Bolton states 


that this not the usual practice New York City and surrounding 
districts. 


*Continued from November, 1901, Proceedings. See August, 1901, Proceedings for 


Proceedings, Am. Soc. E., for August, 1901. 


ventilate the boiler-room, adaptation the usual method adopted regu- 
lating the steam pressure small house-heating plants can advantageously used. 
Instead operating the damper the smoke flue, choke the draft reducing the 
area the flue, the writer provides check-damper the flue, admitting air the 
chimney from the upper part the boiler-room, and constructs flue from the ash-pit 
the upper the boiler-room, also controlled damper; the damper admitt- 
ing air under the fire and the damper admitting air the chimney are controlled the 


& 
4 
| 
3 ; 
4 
| 
q 


Mr. 


THE MODERN OFFICE BUILDING. [Papers. 


needless state that determine absolutely the boiler instal- 
lation required, the only method that suggested Mr. Bolton. 
From the experience Philadelphia, the result this 
method indicates the proportions per cubic foot noted. Mr. Bolton 
states. for approximation, H.-P. for cu. ft. From the writer’s 
figures, this approximation would H.-P. for 000 000 cu. ft., 
with additional boiler units reserve. course. more severe 
climates these figures would increased. Mr. Bolton does not give 
the contents the Hudson Building the German-American 
Building, nor the ratio between the cubic contents and the boiler 
power. space for the installation the boilers and machinery 
often limited, advantage might taken the maximum evaporation 
the boiler plant for the few days during the heating season when the 
weather most severe. These spells very severe weather last 
generally only few hours, sometimes for day two. 

The writer would design the chimney for the most severe condi- 
tions, but, limited either space cash, would feel safe 
driving the boilers say 30% above their rating, during periods 
maximum demand. 

With the high chimneys available most office buildings, water- 
tube boilers with sq. ft. heating surface per horse-power can 
readily run from 40% above their rating. 

The minimum temperature New York and Philadelphia 
from the records the United States Signal Service Bureau. The 
writer has observed temperatures below zero; states, page 551,* 
temperature often falls 10°, and sometimes below zero. 
Wind storms and miles per hour are not infrequent.” Mr. 
Bolton suggests miles per hour, which, from the writer’s observa- 
tion, infrequent occurrence this vicinity zero tempera- 
ture. Fortunately, these two conditions rarely, ever, obtain the 
same time, for very cold weather the wind velocities are generally 
low. 


steam the boiler, the ash-pit damper being closed the chimney damper 
opened. 

This method insures continuous flow air from the upper part the boiler- 
room, producing excelleut ventilation, reducing the likelihood the explosion 
gases the flue, well admitting warmed air for combustion. 

Philadelphia, vaults under the side-walks are frequently used part the 
engine and boiler-room, and these rooms are ventilated the street through openings 
inthe pavement. This practice very objectionable, and should prohibited law. 

The engine-room can ventilated either shaft running the roof, 
system plenum and exhaust fans. 

The proper ventilation the engine and boiler-room often neglected, and there 
necessity for requiring the machinery and employees subjectei tempera- 
ture high 120° 130°, sometimes the case. 

one instance the writer was obliged construct very tortuous chimney (limited 
height) and long horizontal flue, having its course some seven right angles; the 
exhaust fan the engine-room was connected fluearranged deliver the air either 
tothe ash-pits the boilers directly the chimney. The flue serving each boiler 
was provided with pair dampers operated the steam pressure, that the air 
either passed through the furnace directly the chimney. needed; this method 
the engine and boiler-rooms were thoroughly ventilated and kept cool, and the economy 
and capacity the boilers increased. 
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computing the radiator surface, the writer figures from 70° Mr. Darrach. 
Fahr. zero, for heat losses from walls, windows, etc., allowing one 
more changes air the room per hour, depending upon circum- 
stances, and adds the north and west, and for severe east 
exposures. Too much stress cannot laid upon the necessity 
tight window frames and sash, for without this provision all calcula- 
tions for the amount heating surface required will astray. 
stated Mr. Bolton, the first winter the one which the building 
the worst condition for heating. One reason that the large 
quantity water used the walls and cement floors must dried 
out, especially the building has been finished late the fall. 

The setting and design window frames prevent leakage, with- 
out relying upon the questionable expedient filling joints with 
plaster, should, without doubt, impressed upon both builder and 
architect. the writer’s experience, has been necessary caulk 
these joints with oakum, and then not job. The question 
difficult one, for, evenif the frames are made seasoned lumber, 
they are apt shrink after the building heated. 

The usual practice calculating radiating surface figure the 
heat losses from the outside surface, with allowance for con- 
tents, and then add percentage cover additional losses due 
severe exposure, without, Mr. Bolton says, considering the height 
the building. 

The rule given page 1016* not definite. the calculated 

radiating surface equated for the various floors using addi- 
tion for the height each floor adding amount proportioned 
the square root the height from the street. and that way small 
amount surface was added for each floor.” What does this mean? 
Ifa story height used the unit height above the street, 
the coefficient for the sixteenth story would would absurd 
say that the sixteenth story would require four times the amount 
radiation required the first, and the usual 15% 
multiplied the square root the height the addition would 
approximately which also absurd. 

has been found that the upper stories the building require 
liberal allowance radiating surface than the lower stories, 
may not the reason have been that the steam supplied from the base- 
ment (which would require for the sixteenth story riser approxi- 

mately 200 ft. long) had become attenuated friction, condensation, 
and extra demands the lower stories? 

greater amount radiating surface would required, give 
expected results, the temperature the steam was lower. 

The writer has found, when using low-pressure steam with the 
supply from above only, that the lower stories suffered. 
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These facts show the advantage the double supply the 
risers, e., main feeder the attic well one the basement. 
These feeders have approximately half the area the ordinary feeder, 
which supplies one end only, and, generally, can installed 
about the same, sometimes much less, cost. 

Whatever the rule may be, appears refinement beyond the 
possibility general application, for instance, the case the 
Court Building,” noted page 1014.* 

When wind storm strikes tall building the wind deflected 
down the pavement, sweeping the entire structure, and, locations 
where tall buildings are the corners intersecting streets, the 
velocity gusts the pavement may greater than the storm 
higher gltitudes. The writer has frequently been seek 
friendly lamp-post prevent being blown away. 

heretofore stated, the main reliance must tight windows, 
etc. The instance stated page 552} The rooms 
the seventh floor could not heated over 62°, with the outside 
temperature 17° and the wind miles per hour, even with the 
initial steam 218°; but, after the leaks were stopped, the rooms 
the twelfth floor were heated 70°, with the outside temperature 
17°, the wind miles per hour, and the steam 212 degrees. 
Another record shows rooms the twelfth floor 70°, outside tem- 
perature 25°, wind miles, and initial steam temperature 208°; and 
another record, rooms the twelfth floor 70°, outside temperature 
12°, wind miles, and initial steam temperature 206 degrees. 

Mr. Bolton’s remarks the use direct-indirect radiators 
offices have great deal force, for, matter how well the appa- 
ratus may designed and constructed, the tenant must continually 
adjust the inlet damper suit the conditions the prevailing wind. 
the inlet damper allowed remain open night, and the steam 
supply reduced (which generally the case), probable that the 
radiator will freeze during cold wind storm. 

Referring the Webster Vacuum System, there has been great 
deal complaint account the thermostatic valves choking. 
The writer finds that, the radiators are pickled and the moulding 
sand and scale are removed installation, little difficulty from 
this cause may be-expected. 

Another source complaint that, after continued use, the com- 
position plugs the thermostatic valves lose their temper. This 
difficulty easily remedied renewing the plugs, matter little 
expense difficulty, and which should not considered compari- 
son with the advantages the system. 

obtain good results, and prevent short circuits, with the Webster 
system, may advisable run independent drip-mains from 
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certain portions the system directly the pumps, and not connect Mr. 


the entire drainage system into one main. With the Vacuum System 
and equable distribution, the heating system becomes the surface 
condenser, and, excepting cases very severe weather, when 
steam pressure above the atmosphere may required, prevents all 
back pressure the engines, and generally produces slight 

The vacuum pump required remove air and condensation from 
the radiators requires only trifling expenditure power. The 
writer found that the power required operate electrically driven 
pump the Vacuum System, serving 000 sq. ft. radiating sur- 
face, did not exceed H.-P. 

Another advantage the Vacuum System that, concealing 
the pipes, there danger from leakage, the system generally 
operated under the atmospheric pressure, and there leakage, 
the tendency for air leak into the pipes, rather than for water and 
steam escape from them. 

illustrate the operation the double-supply distribution com- 
bined with the Webster Vacuum System, the writer submits the 
diagrams, Figs. showing the pressures the steam supply 
and drip-pipes from Friday, January 18th, 1901, Sunday, 
January 20th, the same hour. the diagrams showing the steam 
pressures the supply pipes the hourly outside temperature and 
wind velocities have been plotted, and show how the wind velocities 
reduced the outside temperatures lowered. The temperature the 
building was maintained 70° during office hours, and lowered 
slightly during the night, after steam was shut off. January 18th 
the initial steam pressure the supply pipes varied from lbs. 
below the atmosphere from until 7.30 when all the steam 
was shut off and the vacuum pump was stopped. The pressure was 
then reduced condensation lbs. below the atmosphere. 
age air into the system produced 1.30 M., 
January 19th, when the pump was started. 

Steam was turned the building 2.30 and atmospheric 
pressure was maintained until when was reduced 
below the atmosphere until 9.45 m., and varied from below 
atmospheric pressure until 6.45 when steam was shut off, and 
the pressure was reduced condensation lbs. below the atmo- 
sphere. Leakage did not fill the system with air until after midnight. 
The vacuum the drainage system produced the pumps varied 
from lbs. below the atmosphere. 

the heating system from which these diagrams were taken, the 
steam risers were ins. diameter, and 170 ft. long; each served 
about 600 sq. ft. radiation. 


The initial steam pressure the system may readily raised 
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from lbs. above the atmosphere during the most severe con- 
ditions, producing correspondingly higher temperature the 
radiators. 

Referring Mr. Bolton’s remarks the wide range tempera- 
tures obtained with the Webster Vacuum System, which 
states that the temperatures the radiators regulated from 
90° full temperature steam,” the writer has never been able 
accomplish these results, and thinks would difficult 
serve 100 sq. ft. radiating surface with pipe and get tem- 
perature 212° the radiator without high initial pressure the 
risers. 

With pipe, serving 100 sq. ft. radiating surface, the ratio 
pipe area radiating surface only 0.003 sq. in. per square foot. 
Mr. Bolton’s opinion, 2-in. riser, supplied with steam both 
ends, serving sq. ft. radiating surface 24-story building, 
too small; yet the ratio steam pipe area the radiating surface for 
such pipe would 0.0056 sq. in. the square foot surface, only 
the first and twenty-fourth stories. The riser being the same 
diameter for the entire height, the ratio the middle the building 
increases 0.067 sq. in. pipe area the square foot radiating 
surface, that the steam velocities the most remote radiators are 
reduced. 

serving the risers from both top and bottom, the building prac- 
tically divided into two buildings, one served from above, the other 
from below, with the advantage equating the variable steam de- 
mands from either the upper lower supply. The double-supply 
system has the advantage giving more equable distribution, and, 
the pipes are smaller, there less trouble concealing them than 
the entire building was supplied either from the top the bottom. 

patent was issued for the double-supply system, but the writer 
does not think will stand contest, and the system has any merit 
open for the use the profession; but the writer does not agree 
with the remark that patent would prevent the use good inven- 
tion. The Webster System patented, but this has not prevented its 
very general use. 

The one-pipe gravity system, supplied either from the top the 
bottom, requires pipes maximum size, and tall buildings they 
are often difficult conceal, without taking into consideration the 
question expansion, all. 

Mr. Bolton states that difficult have architects provide 
attic, and virtually says that nine out every ten modern build- 
ings attics are provided. Thisis Philadelphia. the 
prevent the construction sub-basement. Its construction com- 
paratively inexpensive, and, besides its other uses, serves excel- 
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lent purpose protecting the upper story from the heat summer 
and the cold winter. 

the writer’s opinion, always better supply the steam- 
heating risers from above. there attic this easily accom- 
plished, and relieves the congested The attic also pro- 
vides location for water-supply tanks, ventilating fans (if they are 
used), dressing rooms for help, and space for storage. the base- 
ment used for safe deposit vaults other purposes, and the space 
for engines and boilers limited, some the apparatus may trans- 
ferred the attic; for instance, pressure tanks for hydraulic elevator 
service, cooling tanks for the refrigerating apparatus, and, hard 
pressed, the electric storage battery. 

Referring Mr. Bolton’s remarks chimneys, the architect prob- 
ably was not aware that the area the chimney was not the only ele- 
ment required for his information. The difference value different 
sections the same area would never enter into his head, nor would 
know that connecting the two flues the top would practically 
destroy the value the chimney. 

harmonize the requirements the engineer designing the 
mechanical plant and the architect designing the building, that 
the best available results may obtained, requires more patience and 
ingenuity than those without experience can imagine. The engineer 
naturally desires the building designed and constructed accom- 
modate the mechanical plant the best manner, whereas the owner 
and the architect generally care for none these things; therefore, the 
engineer given the smallest available space, without regard the 
necessities the case. prominent example this condition 
affairs may seen the building the Land Title Trust Company, 
Philadelphia, where double the space allowed for the engine and 
boiler-room would not too much. also often difficult have 
provision made that the machinery, boilers, stack, etc., may 
repaired renewed; the prevailing idea being, ‘once in, always in. 

the subject electric light, the statement that there word 
omitted page 556* correct. The sentence should read: 

writer has found that the average maximum amount 
current used will vary from 60% the total installation, includ- 
ing the engine and boiler-room lighting.” 

The writer can hardly agree with the statement that, the event 
sudden thunder-storm summer afternoon, every light the 
building would turned on. This would mean that every office 
the building was rented; that every man the building was 
his desk; that the lamps every closet safe, all hall 
lamps and administration circuits were lighted, and that all fans 
and other motors were operation. the writer’s experience, 
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this load has never exceeded the total installation, although 
does not wish state that not possible for greater load 
suddenly turned on. The total load hardly possible. 

The average load and the maximum working load, compared with 
the total installation, course, will vary with every building. 
buildings where there are many interior offices, where the offices are 
very deep, these loads are increased, and taking care the thunder- 
storm load made more difficult. 

The writer has suggested plant, each unit equal capacity. 
This considers good general rule, although there may conditions 
which would modify it. 

Some fifteen years ago, the writer installed 200-H.-P. plant, pro- 
viding two 25% machines, and one 50%, with additional 50% 
reserve. one occasion, one the 25% units was jogging along 
comfortably, when sudden thunder-storm overloaded the machine 
before the assistant charge could throw the second machine; 
fact, did not know what was the matter. soon the main fuse 
was blown (for was before the days circuit breakers) started the 
second 25% unit, which promptly burnt out then started 
the 50% unit, which followed suit. this time, the cause the dif- 
ficulty was discovered, and the two 50% units were put commission. 

One reason for very heavy thunder-storm loads the arrangement 
switches controlling the electroliers; for instance, where the offices 
are arranged suites, and all the bracket lights are put one switch, 
all the pendants another, and the two switches are placed close 
together near the entrance door, that the tenant can, two move- 
ments, light all the lamps the suite. The writer the opinion 
that the main switch the bracket lamps should not installed, and 
that each pendant should have independent switch. 

advantageous, with variable load, run single-cylinder 
engine above rating its most economical point operation; the 
engine should constructed carry such without danger 
breakdown. will conceded that the steam consumption 50% 
over-load generally will not exceed the most economical load more 
than per cent. 

one instance, the writer installed two single-cylinder 50-H.-P. 
engines and one 100-H.-P. engine. These engines were run for more 
than twelve years. reason the subdivision offices, additional 

lamps were required, and the load was increased. Dynamos 50% 
greater capacity were substituted for the old generators, and the plant 
has been running for three years without giving any trouble. 

page 557,* the writer states: 

high-speed, single-cylinder, engine and electric generator, 
properly rated, will give economical results from under-load 
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will give economical results half-load. two units are provided, 
each rated for one-half the maximum, 25% load can operated 
without serious loss. 


units, each rated for one- half the maximum load, provides 
ample power—with one unit reserve.” 


When the installation becomes very large, the 50% unit can 
divided into two more machines, and the spare unit made equal 
one the divided units. illustrate: assumed that 
the total installation equal 200 H.-P., the writer would install 
three units, each 100 H.-P., made single-cylinder engine 
and generator run for short time 50% over-load and for several 
hours 25% over-load, one unit operated from H.-P., 
25% the total load, 125 H.-P., or, say, the total load, with 
possible further load 150 H.-P., the total load. 

The summer-day load might run from 100 H.-P., with prob- 
able increase under thunder-storm conditions 150 H.-P. The unit 
could run this load long enough for the engineér put the second 
unit commission. 

Running under these conditions, steam consumption of, say, 
lbs. per hour per H.-P., when running one-fourth the 
entire load, H.-P.; from lbs., when running 100 


H.-P.; and from when running 125 H.-P., has been 


obtained. 


The economy usually less than indicated these figures, 
especially for smaller engines, which the steam may run high 

Operating the machinery this way, the writer would alternate 
the two units throughout the day, prevent overheating the gener- 
ators, and the load approached 125 H.-P. would put both units 
commission. 

If, Mr. Bolton suggests, there possibility the total maxi- 
mum load being suddenly thrown on, both units (or the load) 
must commission, even the ordinary running the mini- 
mum load, unless storage battery ‘connection with the out- 
side illuminating company provided. 

compound, non-condensing engines are installed, the writer 
would generally increase the size the engine not overload 
more than when running 75% the total installation, although 
some compound engines can run 50% above this point most 
economical operation. 

The writer that, compound engines described are 
used, running H.-P., the steam consumption would from 
per hour per H.-P.; when running 100 H.-P., from 
When considered that during least six months the year 


50% over-load. high-speed, compound, non-condensing engine Mr. Darrach. 
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but little, any, exhaust steam from the electric light plant utilized 
for heating, and that during the remaining six months some may 
wasted, the economy high-duty engines cannot fail recognized, 
even though the first cost greater. 

determine the advisability installing electric storage bat- 
tery: comparison with the first cost, losses operation, and expense 
maintenance, and the value the space the battery would occupy, 
must considered that one generating unit may omitted, that 
the units may reduced the average load, and that they can 
operated their highest economy; also, the convenience having 
storage draw from all conditions the and 
that, the battery large enough, engines need not run night 
holidays. such comparison will vary with each building. 

Mr. Bolton’s experience with the 220-volt system certainly very 
unsatisfactory; the writer would imagine that would have such ex- 
perience hotel. The trouble mentions with reference the 
distribution boxes has not come within the writer’s experience, but, 
from what has been stated, the further adoption this voltage should 
carefully considered. 

The many advantages gained using this voltage should not 
condemn because first attempts may show defects installation. 
the writer’s practice, and from inquiry among those using this 
voltage Philadelphia office buildings, the troubles complained 
have not been experienced. 

The higher voltage requires better installation and greater care 
construction, and the fuses the junction boxes should arranged 
that one fuse should burn out, will not burn the others. 

The lamps for the 220-volt current have been much improved, and 
doubt will improved further, the lamps have been. 

The experience Philadelphia with the practical use this volt- 
age has been successful* thatits further adoption warranted, and, 
the writer’s opinion, should not regarded 
impossible because first failure. 

The writer not prepared admit that direct pumpage the 
water supply better under all conditions than the tank system, any 
more than would prepared abandon the use reservoirs for 
city supply. the building high that differential system 
would economical, would advisable provide storage tanks 
for the upper service, with connection the lower service controlled 
pressure-regulating valve. With such plant, continuous pump- 
ing night and holidays would unnecessary, and, the pumps 
delivering the tanks could comparatively large, and could 
operated with steady load, their economy would compare favorably 
with the low direct-pressure system. 


The writer has records 500 hours, the life 220-volt lamp. 
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were not for the great cost installation, and for maintenance Mr. Darrach. 
and operation, every plant would provided with electric storage 
battery. These objections not obtain providing storage for 
water, and yet the same purpose served. 

remarks saving water are very important. stated, the 
self-flushing urinal the source enormous waste, and there 
reason why the pull-chain device, small flushometer, should not 
installed. The reason the municipal authorities object doubt 
the fear that will not used. The same fear might force the adop- 
tion automatic flushing device for each water-closet bowl. 

The condensing water from the refrigerating apparatus should cer- 
tainly used again, and can used for the warm-water supply 
the offices, feed- water for the boilers, and for flushing water-closets and 
urinals. fact, all known precautions should taken prevent 
waste. 

The idea utilizing the waste the drip tank has presented 
itself the writer, but generally for nine ten months the year 
there enough exhaust steam heat all the water and the building; 
that becomes question whether not the cost installation 
and the expense maintenance utilizing the drip-tank heat 
always advisable.* 

Referring the items necessities, Policing and Fire Protec- 


tion,” the writer did not have mind the thought advanced Mr. 
Bolton: 


What the author describes policing,’ consists having ex- 
policeman acting the main hall, matter that not 
mechanical subject, and, New York City, usually accomplished 


very easily.” 

The general question watchman’s service during the night and 
holidays very important, especially when there restaurant the 
building and its employees are not under the control the office build- 
ing management. ensure fidelity, watchman’s clock, connected 
with stations located convenient points throughout the building, 
should installed, well system fire-alarm signals connecting 
each floor with annunciators and both the chief engineer’s 
office and the engine-room. There doubt that such system 
would have prevented the fire the German-American Building men- 
tioned Mr. Bolton. 

Tenants frequently leave their lamps burning, their windows open, 
and their doors unlocked, and although may said that the 


one use the drip-tank, not originally and the same 
time the ingenuity the operating engineer: Some years ago, during blizzard, the 
000 sq. ft. pavement around the Drexel Building was covered with some ft. 
snow. meet the emergency, Mr. John Frigar, the Chief Engineer and Superintend- 
ent, shoveled the snow into the drip-tank, and pumped the water into the sewer. which 
was the quickest and most economical method dispose it. might well the 
future take advantage such idea, and locate the drip-well that portable 
chute would provide easy means for conducting the snow it. 
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cleaning force would naturally attend these matters, they may 
derelict. 


serious fire starting the building during office hours hardly 


probable. The main care must night and holidays. this 


connection, would advisable for the superintendent chief engi- 
neer institute fire drill with his employees, that, there should 
alarm fire, confusion would avoided and prompt service 
rendered. 

Philadelphia, the Board Fire Underwriters requires what 
called the Fire Underwriters’ pump,” and system pipes, nozzles. 
and hose throughout the building. Tomake this effective night, 
engineer should always duty, and the fire-pump ready for in- 
stant service, which, unfortunately, not always the case. elec- 
trically driven fire-pump, with connection the service the 
illuminating company, the storage battery (if such installed), 
would better than pump driven steam, pump could 
more quickly put into service. 

some cities separate system water service under high press- 
ure has been installed for extinguishing fires, and this practice seems. 
extending. The City Philadelphia now constructing very 
extensive system this kind, which will cover practically all the 
business district. The water-supply pipes for fire-service through 
building should directly connected with this municipal fire pro- 
tection. 

the writer’s opinion, the number well the size the 
service pipes throughout the building, and the connections the 
municipal supply, should proportioned, not only reference 
the height the building, but also its floor area; and the fire-nozzles 
should located each floor, that hose over 100 ft. length 
would unnecessary. 

The writer has called attention the necessity providing chem- 
ical fire-extinguishers. Such provision will generally sufficient 
extinguish incipient fires starting the building, but this not 
the only danger from fire which the building subject. Fires 
adjacent buildings may really more cause for danger than fire 
starting the building itself, and ample water service under high 
pressure the building could utilized protect from such 
exterior fires. 

Mr. Bolton says: 

Office buildings might provided with extinguishing 
with nozzle and valve every room, onevery floor; then, 
fire starts any room, close the room, the floor, and turn the 


chemical extinguisher, even fill the room with steam, now 
done shipboard.” 


This seems somewhat gigantic scheme, and difficult to- 
accomplish. reason the elevator shafts running through each 
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story, would often impossible isolate that story from the rest Mr. Darrach. 
the building, and hardly seems necessary provide nozzle and 

valve every room. Again, prove effective, the entire system 

pipes must always charged with the extinguishing gas, car- 

acid steam. 

The writer’s idea that number portable fire-extinguishers 
should distributed each story, possibly apparatus wheels 
for each floor. deemed advisable far, each office, such 
rooms might considered extra hazardous, could furnished with 
portable chemical fire-extinguisher; there might provided, 
convenient rack for instant use, several packages vessels containing 
fire-extinguishing preparation. 

Instead providing outlets from chemical steam fire- 
extinguishing system each room, system thermostats might 
with one thermostat each room, connected with annun- 
ciators the chief engineer’s office and the engine room. 

this connection, might said that one principal cause fire 
dirt and rubbish, which proper police service could prevented. 

For protection from fires outside the building, the Philadelphia 
Board Fire Underwriters requires water supply under pressure, 
with fire-hose and nozzles the roof. 

During recent fire Twelfth and Market Streets, Philadelphia, 
the Policing and Fire system the Stephen Girard 
Building, not only saved the building from great loss, but also proved 
such help the City Fire Department extinguishing the outside 
fire call for unqualified praise from the public press. 

Mr. Samuel Dinsmore, the Superintendent and Chief Engineer 
this building, well other properties belonging the Girard 
Estate, has taken great deal interest the subject fire protec- 
tion. The Stephen Girard Building has large interior court, extend- 
ing from the second floor roof skylight. order protect the 
building and prevent the spreading fire from floor floor, Mr. 
Dinsmore has installed sprinkler system under the skylight. This 
sprinkler system supplied from water tanks the attic. 

Referring the hydraulic elevator, the following statement 
made: 


Another element, always forgotten this connection, and inter- 
esting the hydraulic engineer, that, if, stated the author, 
the same quantity water used hydraulic cylinder for load, 
for light load, for full load, must not forgotten that, 
with this water and the lighter loads, the car goes faster. the water 
turned into the cylinder, and the resistance the load very little, 
the car runs that much faster, and that improvement the ele- 
vator service. the load consists only two people, and they are 
taken nearly the top floor, the round trip can made quickly, 
and that way the car sooner The mileage gained 
the face it, may appear 
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evidently impossible take advantage this condition, for 
the elevators would then run too fast, and the practice would 
immediately discontinued. 

The average speed noted Table No. includes time occupied 
stops, not the maximum speed the car. Mr. Bolton states, 
maximum speed 700 ft. per minute too high. the 
500 ft. would give more general satisfaction, and speed 
600 ft. should not exceeded. 

Cars with less than sq. ft. floor area are not desirable, and 
little gained having area more than sq. ft. the Drexel 
and Stephen Girard Buildings (Philadelphia), there complaint 
except that the cars are crowded. 

The writer called attention the large starting currents used 
electric elevators, which require the use storage battery, and 
does not contend that differential hydraulic elevator system with 
high-duty pumps not more economical than electrical apparatus. 

Outside the question style pump, the great loss the 
hydraulic elevator, operated with only one pressure, that the aver- 
age loads are much less than the maximum load schedule speed for 
which the machine designed, and the machine therefore runs 
loss; for, heretofore stated, the excessive speeds which might 
obtained with light loads are absolutely inadmissible. With the elec- 
tric elevator, the great loss economy due the starting loads, 
but the average consumption power per car-mile considered, 
and the losses the storage battery and the electric generator are 
added, from the writer’s observation, the electric elevator compares 
favorably with the hydraulic machines usually installed. 

the pumping engine for the elevator service has higher average 
economy than the engine driving the electric generator, the hydraulic 
machine certainly has that much its advantage; and, heretofore 
stated, the writer agrees with Mr. Bolton that more attention should 
paid the installation high-duty engines and pumps. With re- 
gard the questions repairs and attention, the discussion diffi- 
cult, much depends upon the personal equation the operating 
engineer. 

The importance the position chief engineer the modern 
office building cannot over-estimated. connection with his me- 
chanical duties, often the general superintendent, and be- 
comes executive mean order. This position opens field for 
technical graduates, who, after experience the practical opera- 
tion and management office building, could not only improve 
the service but enjoy salary which the crowded state the profes- 
sion would otherwise prevent. 
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PROPOSED SOLUTION SOME HYDRAULIC 
PROBLEMS. 


Discussion.* 


Am. Soc. (by letter).—Civil Engi- 
neering has been defined, what generally accepted best defi- 
nition extant, ‘‘the art directing the great sources power 
Nature for the use and convenience man.” Let this stated object 
the any time disappear become secondary; let investigation 
cease hold primarily mind, and fixedly tend toward use and 
convenience man,” and the discussion once passes from the domain 
civil engineering that pure science, and from that civilengi- 
neers that savants physicists. not saying that the 
pursuit science for science’s sake, form recreation, has not 
proper place the world’s development, but this same world 
which printing has now become cheap ready accomplishment, 
and which much fact printed, behooves civil engineers 
stand ready apply the touchstone utility, least the direct 
tendency toward proximate utility, any article they may meet, 
they wish recognize and select their very own. 

The hydraulic engineer has presumably offered him much purely 
scientific dissertation any other member the greater profession 


This discussion (of the paper Charles Tutton, Am. Soc.-C. E., printed 
Proceedings for November, 1901), printed Proceedzngs order that the views 
expressed may brought before all members the Society for further discussion. 


Communications this subject received prior January 24th, 1902, will printed 
subsequently. 


Mr. Herschel. 
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engineering, and yet stands great need work directly tending 

advance his especial art, and deploring diversion admirable 

forces from his own line work that pure science, specu- 

lation, that must view much that printed 
subjects. 

These remarks have been instigated the search among engi- 
neers just now for such things velocity within pipes, and 
open channels, when the real and convenience man,” 
demands rather more and better means for measuring quantities, and 
when has been repeatedly shown that the search for curves velocity 
does not lead means gauging streams water. same time, 
means measurement already devised are calling loudly for further 
experiment perfect them, and the use and convenience man would 
also welcome better such means supplant those now practiced, 
such can devised. Savants there are plenty, and there especial 
demand for engineers encroach upon their specific domain. But 


they choose this line work, let recognized not being 
engineering. 


Again: Whenever the engineer neglects have direct and proximate 


utility mind, appears tend affect the correctness his 
premises. Especially does this appear true hydraulics, where 
for fifty years more have had and and 
sliding and curves velocity,” dinned into the student 
engineering, until the engineer has been led the savants live and 
think and world water that has existence, and now cannot, 
without the spur endeavor primarily useful his fellow 
man, shake off the allurements intoxicating mere pursuit yet 
more science. This may illustrated from the paper under dis- 
cussion, although the writer hastens state that thinks 
worse this respect than very many others; yes, worse than 
most others the present day, and wishes apologize the 
author the paper referred to, for having selected his particular essay 
the one furnish the immediate object the present adverse 
criticism. most admirable discussion itself, and would 
step toward progress, except that lacks foundation, reason false 
premises, like the others spoken of. 

preliminary step (says the author*), let assumed that 
uniform motion exists the stream, meaning this that the motion 
along each fillet uniform and parallel the longitudinal axis the 
stream, and that the total resistance motion composed two 
entirely different, yet mutually dependent classes resistance, one 


being the so-called friction along the bed and sides the stream, the 


other, the internal resistances the liquid itself, the so-called 


Upon which, the writer ventures affirm that there use 


Proceedings, Am. Soc. for November, 1901. 
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reading any further. Any edifice built such foundation needs but Mr. Herschel. 
breath cause crumble into the dust. such described ex- 
ists the face the earth, and, conversely, formula thus developed 
can applicable (unless empiricism) fluids found the earth. 
Water more flows lines parallel the axis the stream, more 
slides along layers represented the customary velocity curves 
and having the resistance viscosity between those layers, then would 
the contents feather bed floating down the street gale wind. 
this have recorded experimental proof, and anybody can repeat 
the experiment, out into the open and acquire conviction 
looking water flowing canal; observe it, mixed with amber 
dust, flowing through glass tube. Referring, this 
the writer’s treatment the general subject now under consideration,* 
the following extract will describe the experimental proof above spoken 


of, that water flowing closed conduit cannot properly described 
flowing concentric rings layers. 


the December, 1893, number the Am. Soc. 
‘Sewerage System Milwaukee and the Milwaukee River Flushing 
Works.’ This able engineer, after completing the discharge-sewer 
ft. diameter and 534 ft. long, for the latter-described works, 
was anxious know its volume discharge under various conditions. 
both ends are submerged, hit upon the expedient 
measuring the velocity the water through injecting suddenly 
two ounces red eosine, dissolved one quart water, into the 
sewer one end, and noting the discharge this colored water half 
because ‘the color was readily perceptible the outlet, and was 
never distributed over length more than ft., being about 
the length the tunnel, the center which was taken 
the point observed. The compactness the coloring matter showed 
that the velocity was practically uniform points the cross- 
section the tunnel, which again itself was very uniform through- 
out the entire length the tunnel.’ Nevertheless, in. block 
ins. long was found spiked the interior inspection the 
tunnel the next spring. 

Let add that these ten experiments discharge the mean 
velocity ranged from 3.9 6.9 ft., and, that nothing might lacking 
prove the ordinary conditions flow, that the computed coefficient 
v=c ranged, with the velocity, from 122.7 137.3. Here 
have the truth about flowing water, and truthful representation 
how flows. body ofit equal length to, say, diameter 
the pipe stays together, though riddled and seething with internal 
motion, for the distance half mile, for from minutes seconds 
minutes seconds, and doubt for much longer space and 
time actual practice straight channels.” 


Suppose that there had been velocities and velocity 
this sewer, such are generally supposed exist and are 
pictured books and essays; and make, for purposes illustration, 


Experiments the Carrying Capacity Large, Riveted, Metal Conduits,” 
John Wiley Sons, 1897, Chapter vii. 
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the reasonable assumption that the maximum, mean and minimum 
velocities, usually determined, had been and ft. per second; 
then passing over 534 ft. conduit, the colored head the 
center would have passed the down-stream goal 422 
seconds. that moment the colored heads the filaments 
minimum velocity would, however, have traversed only 688 ft., and, 
consequently, should have had paraboloid revolution 846 ft. 
long, colored the red eosine, whereas, Mr. Benzenberg states that, 
color was never distributed over length more 
than ft.”; that the coloring matter was compact, and that its 
observation, diffused throughout mass water that length, 
served perfectly determine the mean linear velocity the mass. 

Now then, investigators hydraulic problems must either pro- 
duce stream water long drawn out, after the fashion molasses 
candy they have represented them, else 
they should stop talking about straight-line filaments 
velocity curves,” and, above all, should cease put 
the idea such filaments and curves into the premises their 
investigations, and then use these premises the basis for the deter- 
mination formulas. They should also cease make these fancied 
curves the object their investigations, when working civil engi- 
neers, for has been abundantly shown 150 years such work 
that such investigations are mere recreations, and not lead 
methods gauging formulas for computing the discharge 
water. They cannot useful, because they are the mere products 
fancy, and have existence any one moment time. 

The truth the matter probably is, that particle water one 
moment the circumference the tube section, is, fraction 
second later, the axis the tube, and second later may the 
circumference again, and these subsidiary currents water constantly 
impinge against the walls the tube, thence repelled, and again 
repelled elsewhere from the tube, the whole mass meanwhile moving 
the direction the current, and probably during reason 
this process the impinging these subsidiary currents against 
the walls the channel, that the varying retardation different sur- 
faces tubes produced. This would also explain why experiments 
made with geometric cylinders, are but limited application pipes 
such are found practice, with joints, branches, gates and similar 
irregularities, and why general laws cannot derived from experi- 
ments conducted irregularly formed conduits; and may produce 
the mind the necessary conception, for purposes grasping the whole 
situation, the uniform averages multitude chance effects 
having been mistaken for the uniform action the physical law 
flowing water. 


Take 000 names from the New York City directory, and let their 
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owners shoot target 200 yds., and they will score certain Mr. Herschel. 
number points. Then take more such names, and the same 
process will result practically the same score. But this does not 
establish any law projectiles gunnery; only the law 
averages chance results. Similarly, the presence nearly the 
same component velocity parallel the axis the channel, any 
point the cross-section stream water, consecutive intervals 


time, does not represent physical law, only the law averages 
applied chance effects. And 


recognizable symptoms natural law. 

Again, why seek for curves velocity” and pass from them 
the determination quantity, when quantity discharge the true 
aim and object, and may sought directly? one would think 
torturing §-in. pipe, and the flow water through it, and writing 
voluminous reports season’s operations party engineers 
such pipe, determine its but, instead, would put 
ameter. Precisely the same thing can done these fifteen years 
the case pipes any diameter, and for mere fraction the cost 
incurred any other process determining such 
self-recording apparatus permits keeping perpetual, continuous 
record such discharges; surely enormously better for all practical 
purposes—for any purpose tending the use and convenience 
man—than solitary, few, pictured, imaginative gaugings means 
Pitot tubes current meters. 

The hydraulic method used the Venturi meter, above referred 
to, also applicable the determination weir, and orifice, dis- 
charges, and the writer’s opinion should adopted, the exclu- 
sion all ordinary coefficients now used, determine such dis- 
charges. this subject the writer, entitled: The 
New Hydraulics,” referred to, connection with this discussion. 
The determination the new coefficients described this article 
much desired, the interests advance the pursuit 
hydraulics part civil engineering, and promisesto lead many 
new discoveries. 

The fact is, that the world to-day has surplus experiments 
recorded it. After centuries striving after the attainment ex- 
perimental knowledge, and for the introduction the experimental 
method study, there has come abuse the experimental method 
acquiring knowledge. Herbert Spencer has said somewhere that: 
value experiment depends upon the skill the experi- 
and, might have added also, upon his general and execu- 
tive discernment and abilities. Unless stop put the piling 


Experiments the Carrying Capacity Large, Riveted, Metal 
John Wiley Sons, 1897, Note Merriman’s Treatise Hydraulics,” John Wiley 
Sons, 1895. Transactions, Am. Soc. E., November, 1888. 
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the records experiments undertaken without correct aim, and 
with mistaken zeal wrong directions, the facts Nature will 
soon much more readily arrived any desired direction, seek- 
ing them directly from Nature, than looking for them tomes 
human lore. Indeed, that day has already come many earnest 
seeker for objects practical worth; for many engineer seeking 
advance his art for the use and convenience man. 

resume: 

Engineers are the votaries art, which has for its object the 
furthering things and methods that serve for the use and convenience 
man. 

They should make that object the aim the direct tendency 
their work, and the criterion its fitness for the exercise their 
energies. There ample work that kind waiting taken up. 

Any diversion from it, lines purely scientific recreation, 
the satisfying curiosity, belongs the domain physicists, and 
engineers are interlopers it, and wasters their much-needed 
energies their own particular field. 

The perfection methods for the gauging streams water 
pipes and channels such field that calls for the labors the civil 
engineer. 

cannot furthered disquisitions on, experiments 
such streams water, and such curves 
velocity not exist the result physical laws. 

The search for formulas flow water channels, effective, 
must conducted with true foreknowledge the nature such 
flow, and too much care cannot taken basing such search and 
such computations premises that are absolutely unimpeachable. 

practical hydraulics, experiments with channels geometrically 
perfect form yield results that are only approximately applicable 
the more less irregular channels that are met with practice; 
and experiments made with irregular channels not yield results 
that are closely applicable channels only slightly differing 
imperfections, nor the development general laws. 
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